Accomplishments of Scott Matheson Hitchcock of 07/24/21 


Autodidact, Polymath, Artist, and Scientist 
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[1 "I am interested only іп the unknown and | work for my own astonishment" --- Roberto Sebastian Antonio МАТТА Echaurren 


[2] "What makes you think you can discover anything? Who are you?”: “Nobody. Nobody at all. But the secrets of the universe don’t 
mind. They reveal themselves to nobodies who care." --- from "The Galaxy Being" episode of the Outer Limits 1963 


[3] "You see, there is no more purpose or meaning in the world [universe] than what you put into it" --- Hans Reichenbach 
[4] "People had to find things to do while waiting to die. | guess it was nice to have a choice." --- Charles Bukowski 
[5] “Everything he said turned into something else" [Berlin] by Shriekback 
[6] “Апа so castles made of sand fall in the sea eventually" --- Jimi Hendrix 


[7] "Leave them all behind" --- Ride 


Philosophy of Time: time exists as information NOT a dimension, time is as real as information is. 

Arrows of Time: only exist as constructions from signal/information flow in causal networks 

Direction of Time: only exists as vectors in the form of arrows of time pointing from cause to effect [source 

to sink] in the causal networks of the universe. 

4. There is no Time to travel 'in', only space [i.e. the vacuum] where the 'now' created by our consciousness 
is all we can directly experience. 

5. Our brains creates maps of time from observed changes in the universe in the form of time 


labeled memories. Change is a Fundamental property of the universe, time is not. No change means no 
time. 
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Stage II for 'time difference’ computations 
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6. The Problem of Time is solved using Feynman Clocks, T-computers, Causal Networks, and the Origin of 
Hierarchical 'Arrows of Time' in Complex Systems. Part 1. 'Conjectures'. A theory of time as information is 
outlined using new tools such as Feynman Clocks (FC), Collective Excitation Networks (CENs), and Se- 
quential Excitation Networks (SENs). Recent fMRI research has identified the components of the brain that 
appear to time label information from observed sensory events, store the labeled information in memory and 
then using the time labels for two or more events to compute their time differences, time intervals, elapsed 
times or 'lifetimes'. Time differences are the basis of the 'time' numbers we read from clocks and compute in 
our brains. Time is a map of change. 
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Тһе T-computers in our brains create time [confirming my time theory and verified by fMRI scans- see my 
papers on this website] mark our perceptions with a 'time' stamp in order to create a sense of before and af- 
ter order in our memory that reflects the observed patterns of cause and effect as well as the chain of events 
forming causal networks that are maps of the changes in the world we observe. How our brain processes 
this information resulting in the creation of mental maps in our memories is just a starting point. How our con- 
sciousness then organizes memories and causal patterns is one of the great challenges of brain science. 
Perhaps you should look at my other papers. | am attaching [above] an image of how we experience time di- 
lation and contraction effects with respect to a standard clock. The peaks on the represent mental states the 
variation in the distances between peaks represent dilation and contraction depending on how quickly or 
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slowly the brain shifts from one state of consciousness to the next. Subjectively we can only experience the 
states and in turn compare then to a standard clock to say things appear to slow down or speed up or remain 
'normal. We think things are continuous even though the information coming into our brain is a series of dis - 
crete information packages ... frames of a movie for example. Since we exist at each state our sense of real- 
ity seems continuous even though we clearly have a movie like perception of reality. This is evident in that 
fact that the eye can only send signals to the brain at a relatively slow rate. This is why the frames per sec- 
ond of movies and computer displays refresh faster that the eye thus creating the illusion of movement be - 
tween frames. So, we make a continuous reality from discrete pieces of sensory information. Therefore, we 
are both continuous and discrete at the same 'time' - a measure of change which we create from observa- 
tions of an evolving universe using our brains T-computer as a tool for our survival! This is where the mythol - 
ogy of time travel develops. Because we rely on memory and our internal clocks to organize memories in 
cause-and-effect blocks, we feel that our access to the 'past' we have recorded and the ‘future’ we imagine 
have some sort of physical reality outside our brains. 
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GUTs: Grand unification of the fundamental interactions [strong and weak nuclear, gravitational, and 
electromagnetic] forces of nature can be achieved using time as a common term created by changes in the 
reconfigurations of unstable or decaying systems from subatomic to cosmic scales. 

Missing or Dark Mass and Missing or Dark Energy are found in the components of a Multi-Vacuum Uni- 
verse. NOTE If you are looking for the missing mass and energy locally, look no further than your body which 
is 99.9999999% "empty space" which is the vacuum and its components. 
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Photosynthetic Quantum Computers [above] Predicted by me in 2001 and Confirmed in 2007 Quan- 
tum Computers exist in Nature. It is proposed that they do. Photosynthesis is one example in which a 'quan- 
tum computer’ component may play a role in the 'classical' world of complex biological systems. A 'transla- 
tion' of the standard metabolic description of the 'front-end' light harvesting complex in photosynthesis into 
the language of quantum computers is presented. Biological systems represent an untapped resource for 
thinking about the design and operation of hybrid quantum-classical computers and expanding our current 
conceptions of what defines a 'quantum computer' in Nature. Photosynthetic Quantum Computers CON- 
FIRMED in 2007 — See Scientific American April 13, 2007 and "Photosynthesis works 'by quantum comput- 
ing" the Royal Society of Chemistry May 2007. 
SETI, The Drake Equation: 

N = R* * fp * ne * fl * fi * fc * L* [all other factors] 
Where N = the number of civilizations in our galaxy [or more generally the universe] with which 
communication might be possible 
and the original factors are: 
Rx =the average rate of star formation in our galaxy [scale up for the universe] 
fp = the fraction of those stars that have planets 
ne = the average number of planets that can potentially support life per star that has planets 
fl = the fraction of planets that could support life that actually develop life at some point 
fi = the fraction of planets with life that actually go on to develop intelligent life (civilizations) 
fc = the fraction of civilizations that develop a technology that releases detectable signs of their 
existence into space 
L = the length of time for which such civilizations release detectable signals into space 
[all other factors] Here is where the problem of overestimation of N occurs. 


[Search for Extraterrestrial intelligence] is driven by the belief that there is life, possibly intelligent, in the uni 
verse beyond earth. In order to estimate the number of possible places [planets] in the universe where life 
could exist and presumably evolve into intelligent civilizations that we might be able to detect or even 
communicate with, an early attempt to discuss this estimation process was described by the Drake Equation 
[a.k.a. the Green Bank Equation]. This has been used to justify allocation of resources and funding for SETI 
projects. This equation is at first glance seemingly obvious but there are many simple underlying assump- 
tions that make it difficult to use and in fact in it simplicity it overlooks the complex set of conditions neces 
sary for life to arise and evolve into a state that is detectable from our position. Research into the origins of 
life [1,2,3] illuminate the parameters that impact SETI strategies. There are many overlooked factors, 


conditions, and requirements that must be met for life to exist and evolve on other planets in the famous 
Drake Equation which outlines a strategy for estimating the probability of life elsewhere in the universe. 
Many of these requirements have subtle contributions but are essential for life as we know it here on Earth. 
These probabilities are difficult to estimate for use in the following equation. Codification of the Drake Equa 
tion with this set of additional probabilities naturally reduces М = the number of civilizations to a negligible 
number possibly zero for life outside of this island Earth. The misuse of the Drake Equation for self-interests 
such as promoting space exploration and colonization in light of project funding and pseudoscience pro 
motion are discussed. Note that the original terms of the equation may imply some of the items listed as 
other factors but this still needs to be clarified due to overly simplistic estimate possibly hidden in the terms 
but not clearly or correctly identified and limiting factors that would drastically reduce the value of N. It may 
be that with so many highly specific and necessary conditions that are needed to be met for life that the 
extremely large number of planets in the universe can't outweigh the extremely small probability of life 
predicted when accounting for the stack up of the probabilities encompassing all the factors involved in all 
the biochemical processes and environmental parameters thus leading to the uniqueness of life here on 
Earth. The purpose of this exercise is to try to illustrate some of these overlooked factors for modification of 
the Drake Equation to reflect the reality of the complexity of life and its requirements. 
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Stee 1 ©. REMOVE TIME FROM SPACE-TIME LEAVING JUST SPACE 


Fig. 39. The process of figure 38 regarded as the world line of a single 
electron, which from C to A travels backward in time, 
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264 The Time of Quantum Physics 30. Particles Traveling Backward in Time 265 
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Fig. 38. Pair production and pair annihilation in а ў Fig. 39. The process of figure 38 regarded as the world line of a single 
Wilson cloud chamber. electron, which from C to А travels backward in time. 
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12. The Theory of Positrons* IT IS PROVED HERE THAT TIME REVERSAL IS A FALSE ARTIFACT FROM 
USING SPACE-TIME DIAGRAMS INCORRECTLY. SPACE ONLY DIAGRAMS OR CAUSAL NETWORKS 
ELIMINATE TIME PARADOXES AND ARE MORE APPROPRIATE FOR CAUSE AND EFFECT MAPPING 
OF PARTICLE INTERACTIONS WITH THE USE OF FEYNMAN DIAGRAMS. IMPLICATIONS FOR TIME 
REVERSAL, TIME TRAVEL, ARROWS OF TIME, AND SPACE-TIME DIAGRAMS ARE DISCUSSED. 
QUANTUM GRAVITY, MISSING OR DARK MASS AND ENERGY ARE PROPERTIES OF THE VACUUM. 
V9.7 Space-time diagrams have been in use for over 100 years and have misled the physics world about 


time. These space-time diagrams apparently originating with Minkowski in 1908 have had widespread mis 
uses and abuses by scientists leading to persistent fallacies about time. It is proved here that time reversal is 
a false artifact from using space-time diagrams incorrectly. Space diagrams or causal networks eliminate 

time paradoxes and are more appropriate for cause and effect mapping of particle interactions with the use 
of Feynman diagrams. Implications for time reversal, time travel, arrows of time, and space-time diagrams 
are discussed. The nature of the vacuum as 'space' and Feynman Clock nodes used in the construction of 
causal networks are discussed. Quantum gravity as a property of the vacuum is illustrated. missing or dark 
mass and energy are seen to be properties of the vacuum. Black holes and their function as vacuum phe 
nomena are demonstrated along with their physical limitations at the Planck length scale. NOTE: If you are 
looking for the missing mass and energy locally, look no further than your body which is 99.9999999% 

Empty Space or the vacuum and its components described here. 
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13. The Big Bang is the result of many Mini-Bangs leading to the Prediction of Remnants such as Black 
Holes in the center of Cosmic Voids or Bubbles in the MULTI-VACUUM States of the Universe. Missing 
mass and energy is found by in the various states of the vacuum in which most of the energy of the universe 
resides. The Planck length is shown to be a fundamental aspect of the vacuum and limits the properties of 
Black Holes. A Casimir effect detector is proposed to verify the multi-vacuum properties. In 1991 | developed 
a theory that the simultaneous explosion of many individual Mini-Bangs at the microcosmic scale acted col- 
lectively to inflate or drive the Big Bang. Along with this theory came an experimental test in that one can 
look for massive remnants at or near the center of cosmic voids and bubbles. These remnants are similar to 
the kinds found after supernovae explosions. These remnants or black holes should cause gravitational lens- 
ing effects of background galaxies and stars found in the matter compression regions between colliding bub- 
ble surfaces. This is an example of a relatively transparent simple analogy leading to a mostly visual conclu- 
sion about a complex reality. Here we have an example of a loaf of bread that has risen from many gas bub- 
bles [mini-bangs] generated throughout the dough prior to cooking in the oven. The expansion of outside sur- 
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face of the dough is analogous to the Big Bang 'surface' we see today as the remnant background radiation. 
The rising of the dough is due to the many bubbles throughout the volume of space that collectively expand 
creating the Big Bang as a global feature of the universe on the cosmic scale. This is the limit of credibility for 
such a simple model but it is these simple models that can lead to a starting point for understanding complex 
Systems. The nature of the vacuum as having various multiple states that account for missing or dark energy 
and matter is discussed and illustrated. The Planck length is fundamental to the vacuums massive energy 
density and the properties of visible matter floating on the surface of the vacuum and set constraints on black 
holes. A Casimir effect detector is proposed to verify the multi-vacuum properties. Perhaps the refractive in- 
dex and the apparent slowing down of photons near matter is a result of the surface tension of the vacuum 
around a particle. A result of the enhanced vacuum energy around matter. The refractive index is a measure 
of the surface tension of the multi-vacuum around matter. Perhaps working backwards one can calculate the 
total energy of the vacuum around matter from the refractive index...i.e. the slowing of photons close to mat- 
ter is a measure of the topological and therefore the missing mass and dark energy components properties 
of the vacuum. This points to a way through optics to develop an experimental method to test the theory of 
the multi-vacuum universe and a way to identify missing mass and dark energy ad components of the vac- 
uum. 

A 'Conservation of Information Law' for the Universe. What are the implications if the total ‘information’ in 
the universe is conserved? Black holes might be 'logic gates' recomputing the 'lost information' from incom- 
ing 'signals' from outside their event horizons into outgoing 'signals' representing evaporated or radiated de- 
cay 'products' of the reconfiguration process of the black hole quantum logic 'gate'. Apparent local imbal- 
ances in the information flow can be corrected by including the effects of the coupling of the vacuum 'reser- 
voir' of information as part of the total information involved in any evolutionary process. Information can 
evolve and increase yet be conserved in total as a meta-information state encompassing and summing its 
components via the direct tensor product of all the component observable information states. The final total 
content of information [meta-infostate or meta-information] is greater than or equal to the composite + 
noise [direct tensor product] of the simple information states [infostates] of the components of the system un- 
der observation resulting in the net total conserved meta-information state leading us to the law of conserva- 
tion of meta information. 

Photons are vacuum solitons. This helps to explain how they can travel through the great distances of 
space without decaying. The condensed wave packet that is used to describe individual photons is a result 
of the soliton nature of the energy representing waves on the vacuum surface. This means that the vacuum 
is a complex sea of energy as discussed in my other papers. See the attached image. Refraction is the in- 
teraction of these photonic solitons with observable matter resulting from the surface tension of the 
vacuum that drags the photons to a slower speed. The photons speed up to the carrying velocity [i.e. 
standard vacuum velocity c as seen in laboratory environments] of the vacuum when clear of the matter. This 
is due to the conservation of energy because the surface tension provides energy to the photon by the mat- 
ter so the total energy of the photon: 


E [photonic soliton] = hv - E [surface tension of vacuum near matter ] + E [refractive matter]. 
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MULTI-VACUUM States of the Universe. Missing mass and energy is found by in the various states of the 
vacuum in which most of the energy of the universe resides. The vacuum is more complex than previously 
thought. 

Artificial Stars using lasers for image processing: my invention in the 70's at Western Michigan Univer- 
sity then on to the University of Arizona but ultimately not credited to me. In use now all over the earth for ac- 
tive optics on ground based telescopes! 


The Wormhole Myth: Wormholes are an artificial construction arising from the misuse and overexertion of 
space-time concepts. 


The Tachyon Myth: The myth of time travel persists in part due to hypothetical particles such as tachyons. 
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› hit accumulated pas under the window escupe. This helps wave action on the liquid-gas 
interface below the window from interfering with the camera images. 
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Figure 5. This is а side view of the apparatus pointing down showing the PC 
copper compression ring. 


Figure 7, This is а view of the experimental ‘setup with 1 
Nitrogen and control clectronics to the left on the cart 


20. Cryogenic Polycarbonate UHV window and novel seal invention and testing to confirm its usefulness as 
a window into LHe reservoirs and for ultra high vacuum and super-cooled liquid helium to look inside SRF 
Niobium superconducting cavities. 


camera housing in liquid 


Figure 10, This 2 урей va et thee t (ibe Dewar ax wem by 
the camera in LN? 


Тһе sealed Polycarbonate viewing window (diameter = 4.744". thickness = 


Figure 1: 
* — - - : z - - Fi и. Thi olanfneéter v» n thick Polycarbonme dow before һеш 
0.5") and BW CCD camera (center) with four high current (up to 350 mA) LEDs in a Seed No coun cud Әле tes үнінде қа in ee Coweta CAE 
H — М! blank. The water сі hod of cutting leaves smal impact crators at the edges, which 
stainless steel housing. орд 


21. Proved that super cooled helium can Бой. Made videos of bubble cloud formation in sub 2.7К pumped 
and super-cooled Helium with Superconducting Radio Frequency cavities. 
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22. Carbon Foils: fabrication of various foils including cracked ethylene amorphous polymers. Foils on 
Wax Substrate: remove wax after direct deposition, wax can be formed to create slack or flexible foils 
permanently bonded = to target holder 
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23. Deflector High Voltage Breakdown Events [see above] such as sustained glow discharges Identified 
and filmed. Intermittent Contacts and Signal Disruptions Identified and repaired 


24. FOS: Fiber Optic Spectrometers used for Plasma's and Glow Discharges found the temperature of ar- 
gon plasma in Artemis B lon Source 

25. Optics, CCD Cameras, and Optical Designs for beam observation 

26. Noise Hunter: able to find and repair sources of noise in electronic and electromechanical systems 
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27. Bell Curve understanding of society, mental illness, intelligence etc. 
28. Lenticular Screen 3D Photographs: one man show in Ann Arbor 
29. Anaglyph Big Drawings: one man show at Creole Gallery, Lansing 
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30. Sculpture, Lenticular 3D Photos, апа Big Drawings: one man shows Ann Arbor, Creole Gallery апа 
MSU Art Department. Holography Studio: designed, built and created holograms exhibited at Art De- 
partment of Western Michigan University. 
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31. Holography Workshop: full size pulse laser portrait holograph at Lake Forest College 

32. Printmaking: invent acrylic air brush method for lithography stones. 

33. “Two three-dimensional figures collapsed to two dimensions and viewed sideways” drawing in Art 
Department permanent collection at Western Michigan University 

34. Invented many mechanical devices at NSCL/FRIB cyclotron Michigan State University 

35. Cryogenics leak testing and LHe systems repairs 


36. Bronze castings: many sculptures starting as wax and then cast in bronze 

37. Glass casting at Kalamazoo Art Institute, donate Reggie Gammon painting. 

38. Cove G-Spot Free-ride Mountain Bike: built using high quality components then made super-cool 
with ultra precision alignment and winter studded tires for riding to Michigan State University 


39. бат! employment for 20+ years at NSCL/FRIB Michigan State University. 
40. All this without a PhD!!! 


41. ***Married since 1986***Much better than any of my efforts in science or art!!! 
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SCOTT, let's go out in the desert and look 
for UFO's. ! know they're out there but we 
didn’t notice. You bring the smarties and ! 
promise to give back your jacket. (p148) 


PAPERS [ON RESEARCH GATE - deleted 2021]: 


оһома 


Тһе Wormhole Myth: Wormholes are ап artificial construction arising from the misuse апа overexertion of space-time concepts. 

The Tachyon Myth; The myth of time travel persists in part due to hypothetical particles such as tachyons. 

SETI, The Drake Equation [a.k.a. the Green Bank Equation], and the Overestimation of the Probability of Life in the Rest of the Universe 
Feynman Clocks, the Vacuum, Gravity Waves, and Time 

Missing or Dark Mass and Missing or Dark Energy are found in the components of a Multi-Vacuum Universe. NOTE If you are looking 
for the missing mass and energy locally, look no further than your body which is 99.9999999% "empty space" which is the vacuum and 
its components described here. 

A Grand Unification Theory [GUT] using time to unify gravity, the strong nuclear force, the weak nuclear force, and the electromagnetic 
force 

The Theory of Positrons* IT IS PROVED HERE THAT TIME REVERSAL IS A FALSE ARTIFACT FROM USING SPACE-TIME DIA- 
GRAMS INCORRECTLY. SPACE ONLY DIAGRAMS OR CAUSAL NETWORKS ELIMINATE TIME PARADOXES AND ARE MORE AP- 
PROPRIATE FOR CAUSE AND EFFECT MAPPING OF PARTICLE INTERACTIONS WITH THE USE OF FEYNMAN DIAGRAMS. IM- 
PLICATIONS FOR TIME REVERSAL, TIME TRAVEL, ARROWS OF TIME, AND SPACE-TIME DIAGRAMS ARE DISCUSSED. QUAN- 
TUM GRAVITY, MISSING OR DARK MASS AND ENERGY ARE PROPERTIES OF THE VACUUM. V9.7 

The Theory of Positrons* [THE ORIGINAL PAPER [Phys. Rev. 76, 749 — Published 15 September 1949] BY FEYNMAN IS EXAMINED 
AND SHOWN TO BE INCORRECT WHERE TIME AND ITS DIRECTION ARE CONCERNED]. V 1.0 [see V 9.7 on this website for the 
updated version of this paper] 

The Big Bang is the result of many Mini-Bangs leading to the Prediction of Remnants such as Black Holes in the center of Cosmic Voids 
or Bubbles in the MULTI-VACUUM States of the Universe. Missing mass and energy is found by in the various states of the vacuum in 
which most of the energy of the universe resides. The Planck length is shown to be a fundamental aspect of the vacuum and limits the 
properties of Black Holes. A Casimir effect detector is proposed to verify the multi-vacuum properties. 

CONSERVATION of INFORMATION LAW and META-INFORMATION STATES 

Proposal for a FRIB dedicated NUCLEAR PHOTONICS laboratory to do the following: 1. Develop optical viewing systems for low light 
and high radiation environments for FRIB. This includes the production target area. A prototype real-time deflector viewing system incor- 
porating flexible Image Conduits and CCD cameras 

Observation of sustained glow discharges at high vacuum in the NSCL Deflector Test Stand 

Sustained Glow discharges in HV and UHV evidence and diagnostics. 

ARE WE VACUUM WAVES? AN ADVENTURE INTO COSMOLOGY AND BIOLOGY 

The Topological Human: A Mathematical Curiosity 

LHe CCD submersible camera Design and Testing with Polycarbonate Windows and Housing 

The 37C thermal bath of the brain inhibits decoherence of fragile quantum states thus supporting consciousness 

Quadrupole magnet field mapping for FRIB 

A carbon foil stripper for FRIB 

Multi-layered Carbon Foils with Graphite-like properties 

Stripper foil developments at NSCL/MSU 

Argon with Hydrogen Plasma Temperature Calculations in the lon Source used at NSCL/FRIB Michigan State University dated 
12/1/2009 made with a Fiber Optic Spectrometer. 

T-computers and the Origins of Time in the Brain NeuroQuantology Volume 1, No 4 (2003) 

Fabrication and Testing of the Magnet System for SuSI Superconducting Source for lons 

How much additional energy is available in the atmosphere for severe weather due to the 'greenhouse effect' and the 1 C climate 
change in temperature over the last century? 

Niobium Quarter-Wave Resonator Development for The Rare Isotope Accelerator 

The Creation of Time from Substance and Space 

Time and Information, The Origins of 'Time' from Information Flow In Causal Networks and Complex Systems 

Stripper foil mechanism for the K1200 superconducting cyclotron 

Photosynthetic Quantum Computers Predicted 2001 and Confirmed in 2007 

Is There a 'Conservation of Information Law' for the Universe? 

Figures for paper Time and Information: The Origins of 'Time' from Information Flow In Complex Systems presented at IHEP Protvino 
Russia on Friday June 29, 2001 

Feynman Clocks, Causal Networks, and the Origin of Hierarchical 'Arrows of Time' in Complex Systems. Part 1. 'Conjectures' [With Fig- 
ures and a Unification of the Fundamental Forces of Nature proposal using time as the common term] 

Time and Information 

Feynman Clocks, Casual Networks, and the Origin of Hierarchical 'Arrows of Time' in Complex Systems from the Big Bang to the Brain 
Presented Wednesday June 2, 2000 at IHEP Protvino, Russia 

Feynman Clocks, Causal Networks, and The Origin of Hierarchical 'Arrows of Time' in Complex Systems. Part 1: 'Conjectures' [see the 
Feb 2001 version of this paper with figures] 

A1900 Quadrupole Triplets Construction Progress 

Testing of large aperture superferric quadrupoles 

Quantum Clocks and the Origin of Time in Complex Systems 

A facility for production of improved carbon foils 

The Eye as a Cosmic Ray Detector 

Entropy and Biological Processes such as Evolution [1981] 

The Biocurvature of Space-Time 


PROJECTS [ON RESEARCH GATE - deleted 2021]: 


1. 


Missing Mass and Energy Found in the Phases and States of the Tri-Vacuum of Space and the Cosmological Role of this Multi-Vacuum 
Universe If you are looking for the missing mass and energy locally, look no further than your body which is 99.9999999% "empty 
space" which is the vacuum and its components described here. 


Why space-time diagrams are wrong and the implications for Black Holes. particle physics, wormholes, Arrows of time, time travel, time 
reversal, causal networks, quantum gravity, the nature of the vacuum and and Cosmology 

Sustained Glow Discharges in ultra-high vacuum high voltage environments and their detection 

A Grand Unification Theory [GUT] using TIME to unify gravity, the strong nuclear force, the weak nuclear force, and electromagnetic 
force. 

Photons [photonic solitons => "arrows of time"], the Cause of Refraction, and the Vacuum 

Topology of the Vacuum [Space] 

Time Myths in Science 

The Topology of Change [Time] 

Hurricanes and Global Warming 

Heisenberg's energy-time uncertainty principle, time dilation, time contraction are effects due to energy shifts not time shifts. 

SETI, The Drake Equation [а.К.а. the Green Bank Equation] and Overestimation of the Probability of Life in the Rest of the Universe 
Arrows of Time 

The Direction of Time 

The Tachyon Myth 

The Wormhole Myth 
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Time Travel, Space-time, Wormholes, Tachyons, the One electron Universe, and Teleportation [beaming] 
Time Travel and Space-time: 


What Time Is and What Time Is Not 


07/24/21 


First we start with a review of the 7 principles found to be the actual nature of time which is needed to under- 
stand these topics which rely on false concepts about time and space. As you will below see time travel 
myths originate in a fundamental misunderstanding of the physics of time. 


1. Philosophy of Time: time exists as information, NOT as a dimension. Time is as real as information is real. 


2. Arrows of Time: Quantum Arrows of Time [QATs] and all other arrows of time only exist as constructions from 
signal/information flow in causal networks. All arrows of time point from cause [source] to effect [sink] from simple 2- 
level systems at the quantum scale such as photon emission in atoms up through the cosmological domain through 
hierarchical scaling of interconnected causal networks at various plateaus of complexity [POCs]. 


3. Direction of Time: only exists as directions associated with vectors representing arrows of time pointing from 
cause to effect [source to sink] in the causal networks of the evolving universe. 


4. There is no Time to travel 'in', only space [i.e. the vacuum] where the 'now' created by our consciousness is all 
we can directly experience. Note that the vacuum exists as a physical entity and space is only a map of this funda- 
mental basis for the universe. "The Map is not the territory" - Alfred Korzybski 


5. Our brains T-computer creates 'time' labeled maps of the patterns of observed changes in the configura- 
tions of matter in the universe into sequential time stamped and labeled memories. Change is a Fundamental 
property of the universe, time is not. No change means no time. 


6. The Problem of Time therefore has been solved using Feynman Clocks, T-computers, and Causal Networks. 


7. The Vacuum is space and Time is a measure of Changes in the configuratons of matter floating on the sur- 
face of the vacuum. We attribute dimensions to the vacuum [space] as part of our application of geometry [models] 
to the real world. The vacuum is much more complex that mere “етріу” space. The vacuum is in fact a multi- vacuum 
with properties that depend locally on matter and globally on cosmic universality. Cosmological evolution is mea- 
sured by the maps of change we construct using time as a metric. 


Note: the speed of light is a fundamental property of the multi-vacuum 'surface' of the deep energy sea that contains 
the missing mass and dark energy of the universe. This is why it can't be violated by mythical particles such as 
or space-time fabrications and fantasies such as cosmic tunnels or БЕРИДЕ. 


See the following for a discussion of why space-time diagrams are wrong especially when looking at time as a funda- 
mental property of the universe: 


Special Note: Time is still useful as a measure of change in our daily lives. Using repeating reproducible reg - 
ular signal generating systems such as standard clocks [e.g. atomic clocks, watches, computer clocks etc.] 
gives us a way to create our ordered time maps. Time produced by comparison of a standard clock with the 
observed system and processed by our brains T-computer or similar ‘clocked’ information processing de- 
vices is ‘real’. The reality of time as a pacer of human activities is embedded in our lives. 


The Wormhole Myth 


Abstract: Wormholes are an artificial construction arising from the misuse and overexertion of space-time concepts. 
Space-time is any mathematical model which fuses the three dimensions of space and the one dimension of time 
into a single four-dimensional manifold. The fabric of space-time is a conceptual model combining the three dimen- 
sions of space with the fourth dimension of time. Spacetime diagrams can be used to visualize relativistic effects, 
such as why different observers perceive differently where and when events occur. Without time as part of space- 
time there is no space-time and therefore there are no wormholes. No time travel and space travel through these fic- 
titious wormholes is possible due to the fact that these are mathematical constructions that do not represent physical 
reality rather they are pseudo-science dreams of time and space travel in the manner of science fiction fantasies in 
the guise of physics. Their invention reflects the fundamental error of confusing models of space-time and related ge- 
ometries with observable phenomena that dates back to Minkowski. 


Wormholes and other concepts such as the Einstein-Rosen Bridges are classic examples of reading too much into a 
mathematical theory without a sound foundation in the experimental side of physics [and engineering]. Regardless of 
the elegance, seductiveness, and complexity of the mathematics used in general relativity and extensions of it into 
various cosmological models, one can get lost in these maps [theory] which are not the same as the territory [reality]. 


The concept of space-time as it is used by pretty much everyone else but me needs to be replaced with causal net- 
works that are time independent but yet create time as a secondary computed artifact resulting from information [via 
signals] processed by the T-computers in our brains and those instruments we create to measure these changes in 
an evolutionary universe. 


A brief review of the properties of wormholes. A wormhole is a hypothetical object that allows faster than light 
travel between distant point in space. Most physicists believe that faster-than-light particles cannot exist because 
they are not consistent with the known laws of physics. If such particles did exist, and could send signals faster than 
light, then according to the theory of relativity they would violate causality, leading to logical paradoxes of the "kill 
your own grandfather" type. wormholes would also exhibit the unusual property of increasing in speed as their en- 
ergy decreases, and would require infinite energy to slow down to the speed of light. 


For more on the nature of the vacuum 'surface' and its deep energy sea acting as a primary stage for the evolving 
universe and as a container within it all of the missing mass and dark energy. Note that the concept of wormholes as- 


sumes, falsely, that time exists as a space-like dimension through which time travel is possible both forward and 
backward. 


Let us review what | have found to be the actual nature of time. 
1. Philosophy of Time: time exists as information, NOT as a dimension. Time is as real as information is real. 


2. Arrows of Time: only exist as constructions from signal/information flow in causal networks. All arrows of 
time point from cause [source] to effect [sink] from simple systems at the quantum scale such as two state 
transitions for example like photon emission in atoms to the cosmological scale through hierarchical scal- 
ing of causal networks. 


3. Direction of Time: only exists as vectors in the form of arrows of time pointing from cause to effect [source to 
sink] in the causal networks of the universe. 


4. There is no Time to travel ‘in’, only space [і.е. the vacuum] where the 'now' created by our consciousness is all 


we can directly experience. Note that the vacuum exists as a physical entity and space is only a map of this funda- 
mental basis for the universe. "The Map is not the territory" - Alfred Korzybski 


5. Our brains T-computer creates ‘time’ labeled maps of the patterns of observed changes іп the configura- 
tions of matter in the universe into sequential time stamped and labeled memories. Change is a Fundamental 


6. The Problem of Time therefore has been solved using Feynman Clocks, T-computers, and Causal Networks. 


7. The Vacuum is space. We attribute dimensions to the vacuum [space] as part of our application of geometry 
[models] to the real world. The vacuum is much more complex that mere ‘empty’ space. The vacuum is in fact а 
multi-vacuum with properties that depend locally on matter and globally on cosmic universality. 


Note: the speed of light is a fundamental property of the multi-vacuum ‘surface’ of the deep energy sea that 
contains the missing mass and dark energy of the universe - this is why it can't be violated by mythical par- 
ticles such as tachyons or wormholes 


CONCLUSION: Because time does not exist as a dimension, space-time maps are invalid as representations 
of the observable universe, light cones are mathematical constructions of an overstretched theory, therefore 

. Space-time models needs to be replaced with new methods including causal networks 
built from Feynman Clocks and their hierarchical analogs at various levels of complexity from microscopic to cosmic 
that are time independent but yet create time as a secondary computed artifact resulting from information [via sig- 
nals] processed by the T-computers in our brains and those instruments we create to measure these changes in an 
evolutionary universe. 


The Tachyon Myth 


A brief review of the properties of tachyons. A tachyon (/'taskipn/) or tachyonic particle is a hypothetical particle 
that always travels faster than light. Most physicists believe that faster-than-light particles cannot exist because they 
are not consistent with the known laws of physics. If such particles did exist, and could send signals faster than light, 
then according to the theory of relativity they would violate causality, leading to logical paradoxes of the "kill your own 
grandfather" type. Tachyons would also exhibit the unusual property of increasing in speed as their energy de- 
creases, and would require infinite energy to slow down to the speed of light. 


Because a tachyon's squared mass is negative, it formally has an imaginary mass. This is a special case of the gen- 
eral rule, where unstable massive particles are formally described as having a complex mass, with the real part being 
their mass in usual sense, and the imaginary part being the decay rate. Collections of tachyons collectively can be 
modeled as tachyonic fields. Examples for tachyonic fields are all cases of spontaneous symmetry breaking. In соп- 
densed matter physics a notable example is ferromagnetism; in particle physics the best known example is the Higgs 
mechanism in the standard model. 


In modern physics, all fundamental particles are regarded as localized excitations of fields. Tachyons are unusual be- 
cause the instability prevents any such localized excitations from existing. Any localized perturbation, no matter how 
small, starts an exponentially growing cascade that strongly affects physics everywhere inside the future light cone 
of the perturbation. 


The phenomenon of spontaneous symmetry breaking, which is closely related to tachyon condensation, plays a cen- 
tral part in many aspects of theoretical physics, including the Ginzburg-Landau and BCS theories of superconductiv - 
ity. Other examples include the inflaton field in certain models of cosmic inflation (such as new inflation, and the 
tachyon of bosonic string theory. 


Speaking of mathematical exercises not based on the physical nature of the real universe, string theory in principle 
describes the physics of tachyonic fields and predicts whether such fields appear. 


It 
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Tachyons that are thought to be able to time travel due to their peculiar properties and the misuse of spacetime diagrams. In the above 
illustration, a spacetime diagram shows that moving faster than light implies time travel in the context of special relativity. A spaceship departs 
from Earth from A to C slower than light. At B, Earth emits a tachyon, which travels faster than light but forward in time in Earth's reference frame. 
It reaches the spaceship at C. The spaceship then sends another tachyon back to Earth from C to D. This tachyon also travels forward in time in 
the spaceship's reference frame. This effectively allows Earth to send a signal from B to D, back in the false construction of time in space-time 
models. This also assumes that light-cones exist beyond their use as artificial maps of causality and carries a disregard for the speed of light limit 
for the propagation physical signals on the 'surface' of a complex vacuum. 


For more on the nature of the vacuum 'surface' and its deep energy sea acting as a primary stage for the evolving universe and as a container 
within it all of the missing mass and dark energy see the following link: 


Note that the concept of tachyons assumes, falsely, that time exists as a space-like dimension through which time travel is possible 
both forward and backward. 


i oe e ial cones arë mathematical ariacts of over- 
The One Electron Universe Myth 


Abstract: The proposition by Feynman and Wheeler that a single electron could exist that explains electron activities such as atomic photon emis- 
sion throughout the universe is shown to be wrong. 


Theory: The Theory of Positrons* [Phys. Rev. 76, 749 — Published 15 September 1949] by RICHARD P. FEYNMAN is an important paper in 
that it propagates the myth of time reversal. In this paper, he claims that a positron can be viewed as a time reversed electron [and vise versa]. It 
is a classic but subtle petitio principii fallacy [assuming what you want to prove a.k.a. circular reasoning] assuming that time is a dimension that 
can be reversed. It is also a focal point for the concept of the one electron universe 


The correct way to view this without time contradictions is to use time independent causal networks representing the evolution of the particle in- 
teractions in the vacuum where time points from cause [source] to effect [sink]...time does not cause anything, it is not a dimension, it is a prod- 
uct [map of change] of our brains T-computer and therefore no time reversal is possible...time reversal is often confused with process reversal. 
The PDF full version of Feynman's paper* is at: 

https://authors.library.caltech.edu/3520/1/FEYpr49b.pdf 


It is important to recognize what time really is. Here are some key points to look at before reading to much into the conventional and erroneous 
concepts about time reversal [and time travel]: 


So far as the one-electron universe postulate, proposed by John Wheeler in a telephone call to Richard Feynman in the spring of 1940, is the 
hypothesis that all electrons and positrons are actually manifestations of a single entity moving backwards and forwards in time. The idea is based 
on the world lines [assumes that spacetime exists and is not merely a model] traced out across spacetime by every electron. Rather than have 
myriad such lines, Wheeler suggested that they could all be parts of one single line like a huge tangled knot, traced out by the one electron. Any 
given moment in time is represented by a slice across spacetime, and would meet the knotted line a great many times. 


See Wikipedia: The One Electron Universe. 


This one electron universe idea is false due to the ASSUMPTIONS and PREMISES that spacetime, spacetime diagrams, and world lines are 
fundamental properties of the universe not merely mathematical representations. One must question this confusion of a map [spacetime, world 
lines etc.] with the territory [the vacuum]. Feynman's development of the Space-Time View of Quantum Electrodynamics is clearly flawed at a th 
most fundamental levels. There are no actual world lines in space [the vacuum]. World lines are mathematical artifacts of the spacetime mod- 
els and maps. Therefore the one electron universe is based on the false premises of spacetime theories. 


Looking at the observational evidence we see that the one electron universe is absurd. First of all we are living a sea 
of photons, most of which are generated by orbital transitions of electrons in atoms. The speed of light limits the presence of an electron in two 
widely separated places in space. Let's assume we detect two simultaneous photons from two equidistant sources [for example two galaxies] 
whose separation would preclude an electron jumping from one source [star, galaxy] to the other [star, galaxy] at what would clearly have to be a 
speed greater than light. We would have two distinct electrons in order to create the two simultaneous photons. There could be no possibil- 
ity of a single electron creating all these photons we see throughout the universe. Two very obvious examples contradicting the one electron uni - 
verse are electronics [e.g. the internet etc.] and electrical power systems. Clearly one electron can not be everywhere to perform all the light 
speed separated instrument and power distribution activities in all their complexity all over our planet. This myth of a one electron universe clearly 
illustrates a disconnect of theory from observational reality in spite of elegant mathematics leading to incorrect physical [mathematical] models. 


The Teleportation Myth 


Why the Star Trek Type of Teleportation or ‘beaming’ is Not Possible 


| 


E 
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Due to the fact that the fictional teleportation of material bodies requires time travel or at least the limitations 
of the speed of light to transfer a body to distant locations we start with a review of the 7 principles found to 
be the actual nature of time. This is followed by an investigation of the assumptions about the physics of 
teleportation showing the absurdity of this dramatic vehicle as seen in popular mythology. 


Star Trek Teleportation or ‘Beaming’ of things across Space [the vacuum] and Time [a construction ] 


Some would argue that having one's “molecules scrambled," as Dr. McCoy would put it, is actually the 
surest way to die. Sure, after you've been taken apart by the transporter, you're put back together some- 
where else, good as new. But is it still you on the other side, or is it a copy? If the latter, does that mean the 
transporter is a suicide box? 


Teleportation is the hypothetical transfer of matter or energy from one point to another without traversing 
the physical space between them. It is a common subject in science fiction literature, film, video games, and 
television. Teleportation is often paired with time travel, being that the traveling between the two points 
takes an unknown period of time, sometimes being immediate. 


Teleportation has not yet been implemented in the real world. There is no known physical mechanism that 
would allow this. Frequently appearing scientific papers and media articles with the term teleportation typi- 
cally report on so-called "quantum teleportation", a scheme for information transfer.[this is not the subject 
of this paper] 


Beaming is often used as a synonym for teleportation and refers to the hypothetical transmission of an ob- 
ject in the form of radiation. To this end, the object must be “dematerialized” at the sender, i.e. broken down 
into its components, which are then sent as a beam and “materialized” at the destination, i.e. reconverted 
into matter. In this way it is achieved that an object, similar to teleportation, disappears at the place of origin 


and reappears at the destination. However, there is a continuous transmission path along which the matter 
(possibly in a converted form) traverses the physical space. Therefore, strictly speaking, beaming is not tele- 
portation. The concept mainly originates from the science fiction series Star Trek, where people and inani- 
mate objects are transported back and forth between places using so-called transporter devices. 


In the real world, it has so far not been possible to beam objects. For one thing, there is no available technol- 
ogy that can disintegrate or reassemble arbitrary objects atom by atom, let alone within seconds. Further- 
more, the required amount of information to fully represent macroscopic objects is far too large for today's 
available information technology. 


the science fiction concepts for beaming do not get it exactly clear what kind of radiation the matter would 
be converted to.[12] There are only two types of radiation in physics that come into question: Electromag- 
netic radiation (radio waves, light, X-rays, gamma rays etc.) and particle radiation (alpha and beta rays, neu- 
trons, neutrinos, atoms etc.). According to the current state of knowledge, electromagnetic radiation alone 
cannot transport matter, since it only transmits the energy, but not the baryons and leptons required to cre - 
ate atoms. If, alternatively, a beam of matter particles was sent, this would offer hardly any advantage over 
transporting the object as a whole. On the one hand, accelerating and decelerating the particles would re- 
quire the same amount of energy as for the original object. So there would be no speed advantage. On the 
other hand, particle beams can hardly penetrate layers of matter along the transmission path (which is sup- 
posedly possible in the science-fiction concepts within some limits). 


Note: the speed of light is a fundamental property of the multi-vacuum 'surface' of the deep energy sea that contains 
the missing mass and dark energy of the universe. This is why it can't be violated by mythical particles such as 
ог апа fantasies such as cosmic tunnels or . This is 
also why instantaneous teleportation of material bodies across vast regions of space is not possible. Converting 
matter to energy in order to teleport it to another space into presumably electromagnetic waves or photons requires 
infinite energy to bring a resting mass to the speed of light. 


CONSERVATION of INFORMATION LAW and META-INFORMATION 
STATES 


Scott Matheson Hitchcock 03/08/21 


Information can evolve and increase yet be conserved in total as a meta-information state 


encompassing and summing its components via the direct tensor product of all the com- 
ponent observable information states [info-states]. 


CONSERVATION OF ENERGY 1$ A 'SUB-LAW' OF THIS SINCE 'TOTAL' INFORMATION ABOUT ANY SYSTEM 
MAY INCLUDE ENERGY CHANGES BUT MORE INFORMATION IS ALWAYS AVAILABLE AND HAS THE POTEN- 
TIAL TO ENCOMPASS MANY MORE OBSERVABLES THAN JUST ENERGY. 


THE DIRECT TENSOR PRODUCT OF ALL THE INTERACTING COMPONENTS COMPRISING A QUANTUM 
SYSTEMS INFO-STATES RESULTS IN A META-INFORMATION STATE THAT IS MORE THAN THE SUM OF THE 
COMPONENT INFO-STATES. 


WE SEE BELOW THAT THE IS THE DIRECT PRODUCT OF THE n COMPO- 
NENT DISTINCT FORMING A COMPOSITE SYSTEM COMPRISING THE COLLECTIVE SYSTEM 
INFORMATION | 

| meta-infostate) — | 4-1 Teo. 69 Ten ) 


THIS LAW RELATES HOW CONSERVATION OF INFORMATION IS COMPATIBLE WITH THE APPARENT CRE- 
ATION OF NEW INFORMATION, LOSS OR DESTRUCTION OF INFORMATION, TRANSFORMATION OF CON- 
TENT AND THE ROLE OF 'NOISE' AS A FORM OF INFORMATION. 


ALL INFORMATION SUMMED TOGETHER SUPPORTS THE FIRST LAW ABOVE. SIGNALS CAN BE MADE 
FROM NOISE AND NOISE IS A SIGNAL IN CERTAIN CIRCUMSTANCES DEFINED BY HOW THE OBSERVER 
USES IT. NOISE IS NEED TO GET A PROPER SUM OF INFORMATION GIVING RISE TO A META-INFORMATION 
STATE. 


THE SECOND LAW OF INFODYNAMICS ALSO IS CONSISTENT WITH THE EMERGENCE OF NOVEL PHYSICAL 
STRUCTURES DURING EVOLUTIONARY PROCESSES AND THE CREATION OF 'NEW' INFORMATION OR 
TRANSFORMED INFORMATION FROM 'OLD'. 


IN ALL THIS SOURCES, SIGNALS AND DETECTORS ARE INVOLVED IN THE CREATION OR DESTRUCTION 
OF INFORMATION DURING ENERGY AND MASS FLOW PROCESSES. 


*  Sub-aw 1: LOCAL REGIONS OF THE UNIVERSE (e.g. activities inside cell membranes) can HAVE DE- 
CREASING ENTROPY, increasing 'order' resulting in the generation of new information processing struc- 
tures and content. 

e Sub-aw 2: COMPLEX INFORMATION STRUCTURES сап EVOLVE FROM SIMPLER PROGENITORS. 
THIS IS THE BASIS FOR THE "Law of Increasing Information" WHICH IS A STATEMENT ABOUT THE 
EVOLUTION OF STRUCTURE IN THE UNIVERSE. 


BOTH of these sub-laws together complete the 3RD LAW OF INFODYNAMICS AND TOTAL CONSERVATION OF 
INFORMATION IN SPITE OF THE APPARENT UNIQUE IDENTITIES FOR EACH INFORMATION PACKET. 


The final total content of information [meta-infostate] is greater than or equal to the composite + noise [di- 
rect tensor product] of the simple information states [infostates] of the components of the system under ob- 
servation resulting in the net total 


| P meta-infostate) 


leading us to the law of conservation of information. 


References: 


The Topological Human:A Mathematical Curiosity 


The Topological Man is probably a 9-Fold Torus. Back т 1974 when | was playing with topological surfaces, | came up with the 5-fold torus that 
has been illustrated here. This was an excursion into the netherworld between art and mathematics with the focus on holograms as a then new 
extension of sculpture. The model was simple and not meant to be a rigorous mathematical exercise. Upon reflection when one adds the eyes 
and ears into the model then these extra four connections to the other 5 orifices makes a 9-fold torus. The connectivity of these various entrances 
and exits of the body add 4 more handles to the already 5 handles mentioned. Obviously this was an exercise in art and sculpture rather than 
mathematics. The topology of the skin covering of our bodies does reflect on the early development of embryonic cells and the problem of differ- 
entiation leading to the internal structure of our bodies. This was merely an intuitive experience. 


THE TOPOLOGICAL. HUMAN 
AS 4 9- FOLD TORUS 


The 9-Fold Torus as the Topological Human a simple topological model of the human with 9 connected orifices resulting in a 9-handle torus after 
topological transformation. 


{м c "E. M on 
Де E 2 А A ri As a 5-Fold Torus: Study for ‘Holographic || 
1 ! animation. sequence v using 130 sculpted models, 


one of which is illustrated below in : te —— 
photgraph. This drawing circa 1974. 


E | 
The author т his holography studio at Western Michigan University 


NOTE: | was making holograms in the 1970's based on my topological version of the vastly sim- 
plified human body. | was interested in topology from my math studies. | visualized the body as a 
deformable topological surface that included the various passageways throughout our bodies. At 
the time | erroneously saw only 5 orifices [as seen in the second page of my paper] connected to- 
gether excluding our eyes and ears which takes the number of connected passages to 9. It was 
mostly an exercise in mathematics applied to aesthetics as a source of amusement. | am attach- 
ing a photo of my holography studio from 1974. Later when | got more into biology, | saw that it 
was weakly illustrative of the process of cell differentiation whereupon cell division in complex or- 
ganisms leads to various separate but connected organs and systems throughout the body. | 
don't know if there is any real usefulness of using topology in human anatomy and physiology. 
Certainly topological concepts have been used by others to model processes of growth and de- 
velopment. 


A Grand Unification Theory [GUT] using time to unify gravity, the 


strong nuclear force, the weak nuclear force, and electromagnetic 
force. 


Abstract: 

Grand unification of the fundamental interactions [strong and weak nuclear, gravitational, and electromagnetic] forces 
of nature can be achieved using time as a common term created by changes in the reconfigurations of unstable or 
decaying systems from subatomic to cosmic scales. 


Introduction: 

The ‘time’ that is derived or computed our brains T-computer [figure 1] or its equivalent measurement instrumentation 
using information from signals created by reconfigurations of material systems can be used to link the various forces 
together in a unified picture in which the mathematics given in this paper show that they are also physically linked. 
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Figure 1: The brains T-computer 
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Equation 1 [above] shows how time is computed from the energy of reconfiguration from the excited state E* to the 
lower energy state Eo. This is change of state for a Feynman Clock [FC]. Planck’s constant converts this to unit of 
time which represents the 'decay' time or lifetime of the process or reconfiguration of the system S. Note that the de- 
nominator in equation 1 above, Ir = Гес usually referred to as the ‘decay rate’ is the term in equation 2 below. 
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Equation 2 [above]: this term encodes the reconfiguration process information for any system S with units of en- 
ergy. 


SS 


Reconfiguration or 
'Decay' Process in 
a finite lifetime 't' 


0 to 'm' Incoming Signals 1to 'n' Outgoing Signals 


(Simultaneously or Sequentially (Simultaneously or Sequentially 
Accumulative) Emitted) 


Figure 2 [above]: the Feynman Clock System [ S ] going through a reconfiguration process from its excited or un- 
stable state detector mode [aka Feynman Detector or FD] via a decay to the more stable or lower energy Feynman 
Clock [FC] mode through the absorption of incoming signals and emission of outgoing signals that carry information 
used by the T-computer to create a ‘time’ for the process relative to a standard clock. The Feynman Clock is the fun- 


damental building block used to create causal networks that map changes in complex or connected systems of parti- 
cles or higher order systems of particles. 


The decay of the excited state is irreversible in the sense that once the unstable state is created it must decay. The 
bottom term in the above equation is the 'intrinsic energy of reconfiguration' for an unstable quantum system. The 
system in a ground state will not spontaneously become excited without a signal from it's environment. The 'excited' 
state may be recreated by another incoming photon of the same energy, but this requires information to be put into 
the FC from it's environment. This is not 'time reversal’ but a ’reconfiguration’ process. 
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Equation 3 [above]: Lifetime of reconfiguration driven by the strong nuclear force 
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Equation 4 [above]: Lifetime of reconfiguration driven by the weak nuclear force 
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Equation 5 [above]: Lifetime of reconfiguration driven by the gravitational force 
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Equation 6 [above]: Lifetime of reconfiguration driven by the electromagnetic force. Note: this method can be ар- 
plied to the unified electroweak combination leading to experimental design and testing. 


TU = OTstrong = B Tweak — ОТет, = €Tgrau 


Equation 7 [above]: 
using reconfiguration lifetimes, where 
normalized by scalars a, В, д, and &. 


The Myth of Time Reversal starts here: 
Feynman's Theory of Positrons* 


The PDF full version of this paper* is at: 
https://authors.library.caltech.edu/3520/1/FEYpr4A9b.pdf 


Introduction 

Space-time diagrams have been in use for over 100 years and have misled the physics world about time. These 
space-time diagrams apparently originating with Minkowski in 1908 have had widespread misuses and abuses by 
scientists leading to persistent fallacies about time. It is proved here that time reversal is a false artifact from using 
space-time diagrams incorrectly. Space diagrams or causal networks eliminate time paradoxes and are more appro- 
priate for cause and effect mapping of particle interactions with the use of Feynman diagrams. Implications for time 
reversal, time travel, arrows of time, and spacetime diagrams are discussed. The nature of the vacuum as 'space' 
and Feynman nodes used in causal networks are discussed. Quantum gravity as a property of the vacuum is illus - 
trated. Missing or dark mass and energy are seen to be properties of the vacuum. Black holes and their function as 
vacuum phenomena are demonstrated. 


THIS WORK IS BASED IN PART ON ILLUSTRATIONS FROM HANS REICHENBACH'S BOOK "THE DIRECTION 
OF TIME" [Ref. 1] 


The Abstract that follows is from Feynman's original paper cited above: 

"The problem of the behavior of positrons and electrons in given external potentials, neglecting their mu- 
tual interaction, is analyzed by replacing the theory of holes by a reinterpretation of the solutions of the 
Dirac equation. It is possible to write down a complete solution of the problem in terms of boundary condi- 
tions on the wave function, and this solution contains automatically all the possibilities of virtual (and real) 
pair formation and annihilation together with the ordinary scattering processes, including the correct rela- 
tive signs of the various terms. In this solution, the "negative energy states" appear in a form which may 
be pictured (as by Stückelberg) in space-time as waves traveling away from the external potential back- 
wards in time. Experimentally, such a wave corresponds to a positron approaching the potential and anni- 
hilating the electron. 


A particle moving forward in time (electron) in a potential may be scattered forward in time (ordinary 
When moving backward (positron) it may be scattered 


backward in time (positron scattering) or forward (pair production). For such a particle the amplitude for 
transition from an initial to a final state is analyzed to any order in the potential by considering it to un- 
dergo a sequence of such scatterings. The amplitude for a process involving many such particles is the 
product of the transition amplitudes for each particle. The exclusion principle requires that antisymmetric 
combinations of amplitudes be chosen for those complete processes which differ only by exchange of par- 
ticles. It seems that a consistent interpretation is only possible if the exclusion principle is adopted. The 
exclusion principle need not be taken into account in intermediate states. Vacuum problems do not arise 
for charges which do not interact with one another, but these are analyzed nevertheless in anticipation of 
application to quantum electrodynamics. The results are also expressed in momentum-energy variables. 
Equivalence to the second quantization theory of holes is proved in an appendix." 
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SECOND ORDER, EQ. (14) 


Fic. 2. The Dirac equation permits another solution K,(2, 1) 
if one considers that waves scattered by the potential can proceed 
backwards in time as in Fig. 2 (a). This is interpreted in the second 
order processes (b), (c), by noting that there is now the possi- 
bility (c) of virtual pair production at 4, the positron going to 3 
to be annihilated. This can be pictured as similar to ordinary 
scattering (b) except that the electron is scattered backwards іп 
time from 3 to 4. 'The waves scattered from 3 to 2' in (a) represent 
the possibility of a positron arriving at 3 from 2' and annihilating 
the electron from 1. This view is proved equivalent to hole theory: 
electrons traveling backwards in time are recognized as positrons. 


NOTE: IN the FIGURE ABOVE THE LAST LINE STATES THE CONCLUSION THAT "electrons traveling backwards in time are recognized 
as positrons". This is an INCORRECT artifact due to the a priori ASSUMPTION that time is a dimension and a component of space-time. 


This is clearly not the case as one can see in the figures that follow: 
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Fig. 38, Рай production and pair annihilation in a 
Wilson cloud chamber. 


Conceptions of this kind were developed by E. C. G. Stückelberg and 
В. P. Feynman.* Their investigations showed that a positron—that is, 
a particle of the mass of an electron, but carrying a positive unit 
charge—can be regarded as an electron moving backward in time. The 
negative unit charge of the electron, which travels in the opposite 
time direction, has the same physical effects as the charge of the 
positron traveling forward in time; and therefore the two interpretations 
cannot be distinguished observationally. 

Feynman showed that these conceptions can be used for an explana- 
tion of pair production and pair annihilation. It has been observed on 
photographs taken in a Wilson cloud chamber that, upon incidence of 
a yray, an electron and a positron are generated from "nothing" and, 
starting from the same point, travel along different paths. The positron 
is usually not long-lived; it encounters some other electron traveling 
free through space and then merges with it in an act of collision. 
These two particles thus vanish completely, leaving as their effect 

15ее E, С. С. Stückelberg, Remarque à propos de la création de paires de 
particules en théorie de relativité", Helv. phys. Acta, Vol. 14 (1941), pp. 
588-594; and “La mécanique du point matériel en théorie de relativité et en 
théorie des quanta”, ibid., Vol. 15 (1942), pp. 23-37. Also see В. P, Feynman, 
“The Theory of Positrons", Phys. Rev., Vol. 76 (1949), рр. 749-759. 
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Fig. 38, Рай production and pair annihilation in a 
Wilson cloud chamber, 
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Fig. 39. The process of figure 38 regarded as the world line of a single 
electron, which from C to A travels backward in time. 


only a new у-гау starting from the point of collision. Figure 38 may 
illustrate these processes. Positive time is represented by a vertical 
line going upward; the other solid lines represent world lines of par- 
ticles. Dotted lines indicate the world lines of the у-гауз, In the 
event A, the incident y-ray produces a pair consisting of electron num- 
ber 1 and a positron, In the event C, the positron collides with electron 
number 2; this pair is annihilated in the collision, the only trace being 
the y-ray starting at С. In the photograph, the paths of the particles 
are visible and show a spatial arrangement similar to that of the solid 
lines in the diagram; the y-rays are not visible in the photograph. 

According to Feynman, we can as well interpret the process dia- 
gramed in figure 38 by regarding the train of lines DCAB as the world 
line of one single electron, which from С to А travels backward in 
time, as indicated in figure 39. Instead of three particles, we thus 
have only one. This interpretation has the advantage that we need 
not speak of pair production and pair annihilation; the one particle 
is there all the time. The causal anomalies of creation from nothing 
and vanishing into nothing are thus eliminated; however, in exchange 
for them another causal anomaly enters the description: the electron 
travels part of its path backward in time. 

We meet here with a new illustration of the theory of equivalent 
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Fig. 39, The process о! figure 38 regarded ая the world line of a single 
electron, which from C to A travels backward in time. 
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The Time of Quantum Physics 30. Particles Traveling Backward in Time 


Fig. 38. Pair production and рай annihilation in a Fig. 39. The process of figure 38 regarded as the world line of a single 
Wilson cloud chamber, electron, which from C to А travels backward in time, 
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Scattering, Stimulated Decay or 
Emission through Collisions 


Fusion, Creation of System 
іп an Excited State, With 
or Without a ‘Target Mass 


The General Form of the 
Feynman Clock, 
Node, or Gate 


А Feynman Clock in à 
Gravitational Field with 
blue(m) and red(n) shifts of 
in/out signals respectively 
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Figure 8: Feynman Node Representations for building causal networks. 
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Figure 9: CEN, SEN node representations for building causal networks. 


Arrows of time are constructions based on the links between nodes in causal networks. These networks can be used 
to define arrows of time as constructions using the t-computer of our brain to make maps of the changes in real phys- 
ical systems where time is derived by a process of signal mapping from changes in the states of an observed sys- 
tem. The key here is the observation of change. In other words there is no time dimension [as in space-time] to 're- 
verse' in. 


"Theoretical physicist Feynman shared the 1965 Nobel Prize 
in Physics for his work on quantum clectrodynamics. ' 


Note: in the Feynman Diagram in the figure above, the arrow of time direction assumed for this space-time diagram implies that the virtual parti- 
cle exchange between electrons could be interpreted FALSELY as going backward in time from left to right. This points out the error of assuming 
time as a dimension since it sets up the prejudice that time is reversible. Removing time from this picture leaves space and a causal network with 
NO time paradox such as reversibility. In Feynman's Diagram above you can see that the reversibility of the direction of the virtual particle actually 
represents a process reversal best mapped using CAUSAL NETWORKS discussed in my other papers. 
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The Minkowski diagram, also known as a space-time diagram, was developed in 1908 by Hermann Minkowski and provides an illustration of the 
properties of space and time in the special theory of relativity. It allows a qualitative understanding of the corresponding phenomena like time dila- 
tion and length contraction without mathematical equations. The apparent time symmetry associated with reversal of processes in particle 
physics seems to conflict with irreversible processes in complex systems made of these particles. This transition from reversible particle interac - 
tions to irreversible ensemble behaviors is due to a misunderstanding about the relationship of 'time' to information flow. Information originates in 
the re-configurations of unstable systems and ‘flows’ via signals to other systems. The key point is that unstable systems represent a source for 
the direction of information flow and therefore a way to construct arrows of time that track information or particle flow in space without a time di - 
mension. 


This means that if one reverses a particle collision process then information still flows 'away' from the unstable system created at the site of the in- 
teraction of the particles. Any arrow of time associated with information flow always points away from re-configurations of unstable systems. From 
this point of view there is no time symmetry for particle collisions, only process symmetry. As we have seen above, process reversal is not 
time reversal. 

Time reversal is a statement about information flow reversal, not a change in direction of a nonexistent fundamental time dimension of the uni- 
verse. In Feynman's example [from this paper] one can have a gamma ray creating a positron and electron. One can also have a positron collid - 
ing with an electron to create a gamma ray. These can be considered reverse processes of each other but not time-reversed versions of each 
other. The processes occur in the vacuum [i.e. space] and therefore "process reversal is not time reversal". | think that this example of process re- 
versal represents a kind of process symmetry and perhaps process equivalence in quantum physics. In my other papers | describe how arrows of 
time and their 'direction' are computed artifacts mapping the spatial direction of processes that are observed. This should clarify the issue regard- 
ing violation of T-invariance as a false artifact resulting from assuming time exists as a 'dimension'. 


As we have seen above time reversal is often confused with process reversal. This mistake has permeated physics since the introduction of 
Minkowski space-time diagram in 1908. The dimension and direction of time as we use it in everyday life is a construction based on the interaction 
of the observed world with our 'minds' and our 'clocks' as maps of change that we observe for objects in space. Popular ideas about 'time reversal' 
would require reconstruction of information states [or infostates] of the universe as a whole or at least a sufficiently large local infostate for 'travel' 
back in time to an 'earlier' state. Since all local systems are entangled with the infostate of the universe as a whole we see that we can only create 
the illusion of time reversal by construction of a 'set' of configurations of matter that mimic an earlier configuration of the irreversibly evolving uni - 
verse as a whole. At the quantum scale the flow of information is away from unstable systems. To create an unstable system incoming information 
from the environment is required. In this sense time reversal does not exist. 


Time travel has three popular modes of expression. The first is 'backward' 'in time’ as discussed above. The second is ‘instantaneous’ or "zero 
elapsed time’ travel across space. The third is travel into the "future' also 'in time’. All three require access to information about the ‘destination’ 
space that is assumed to exist 'simultaneously' with the traveler and the problem is how to transport an observer into one of these non-local infos - 
tates. This requires that past and future infostates of the universe 'exist' concurrently. The problem here is that previous or past infostates are ‘lost’ 
as they are 'computed' into future ones by the dynamics of the evolving universe at all hierarchical scales of complexity. The ‘losť (really we mean 
'processed') information specific to any 'historical' infostate means that 'backward' time travel is not possible and future infostates һауе not been 
computed yet. We compute our future actions in response to past information in our memories. This allows us to compute 'time' in order to predict 
‘future’ evolutionary patterns. In this sense we are examples of 'time machines’. Our ability to ‘travel’ into the past is just our ability to access mem- 
ories. Our ability to 'travel' into the future is our ability to 'imagine' evolutionary scenarios based on extrapolation of patterns formed by processing 
information. It appears that we are stuck іп the here апа 'now'. What about 'instantaneous' or 'zero elapsed time’ travel across space via worm - 
holes or some exotic quantum entanglement effect? It appears that the ordinary real matter we are made of is highly resistant to instantaneous 
parallel displacement or teleportation in space. Popular culture notions about time travel may be misguided at best since they are the result of our 

misinterpretations of our constructed maps of time rather than originating from a deeper understanding of how we create time from information. 
This is the source of many philosophical and religious paradoxes relating to the origin and evolution of the universe where our 'time' map con- 
structions are projected onto the universe as a space-like 'dimension'. We may see that the re-conceptualization of 'time' as a 'construction' or in - 
formation structure will open doors to a deeper understanding of the 'changes' in the universe that we associate with ‘time’. All the various arrows 
of time constructed to map change are relational and relative to a standard clock or our internal clocks. Feynman clocks are systems that have a 
finite lifetime in an excited or unstable higher energy state that decay producing signals [e.g. photons]. Thus arrows of time can be 

represented as vectors pointing from Feynman clock node A that produces a signal to a Feynman 

detector state of another Feynman clock node B in a causal network. 


APPENDIX 1: The nature of space as the vacuum and time as the measure of change in the configurations of matter and energy in the 
vacuum. The vacuum is where all the visible matter and missing dark mass, matter and energy reside. The changes in the configurations of of 
these elements of the vacuum give rise to signals with information content that can be used to construct time and its direction along pathways in 
causal networks. 
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APPENDIX 2: The T-computer of the brain logic diagram showing how time is created. 
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Stage II for 'time difference" computations. 


T-COMPUTER 
Stage II 


"Attention" focused on the k-th and j-th time labeled 
events in Memory shifts Infostates into the T-computer 


APPENDIX 3: Unification of the fundamental forces of nature using time [See the previous work “A Grand Unification Theory [GUT] us- 
ing time to unify gravity, the strong nuclear force, the weak nuclear force, and electromagnetic force.”] 


h 
TU = OTxtrong = ү vi (24) 


I strong 


For a FC system driven by the weak interaction (or 'electroweak") we have: 


h 
TU — Tweak = Г. = (25) 
weak 
For a FC system driven by the electromagnetic interaction we have: 
ту = бте» = T (26) 
om 
and for a gravitational FC system we have: 
А 
ТІ) = ЕТога = Г. (27) 
grav 


where the lifetimes are related by real scalar constants a, 3, 6, and е. The unified ‘lifetime’, 
7p із then: 


ү = CT strong = D Tweak = бтат = @Тогао (28) 


IN CONCLUSION: 


О: Is time travel possible? 


А: Yes, you can travel to your future [a ‘place’ that does not ‘exist until it is ‘created’ by changes in the 
‘now’ of your part of the universe]. Your consciousness travels with your body via the sequence of 
evolving 'naws' of your body and mind. There is no past to return to. There is no future to jump to. 
There is only now. Time ‘travel’ is a one-way trip for all of us where the future is created by the changes 
in our 'naws'. [For more details see my other papers at: https://www.msu.eduj/"hitehco4/ | 


О: Why? 


A: Process reversal is not the same as time reversal. Most time travel scenarios confuse this point. We 
create time as a measure of change in the states of systems undergoing processes such as ‘aging’ of our 
bodies, We can reverse some processes locally with the application of ‘order’ in the form of energy to 
reconstruct a state of system that we consider to be a previous configuration of that system. Change 
does not occur in time. Change occurs independent of the time. Time is a construction that we have 
created to map irreversible and reversible processes, All this is relative to our choice of clocks, which are 
alsa subject to change. Space and time are human-made maps. The space-time of physics is a 
mathematical construction whose goal is to тар the real world's evolutionary processes via laws that 
explain the past and attempt to predict the future based on observed or experienced patterns of 
change. ‘Now’ is the only reality we can experience. 


Q: Why is the belief that time travel is possible so pervasive in science fiction and science? 


А: Time travel is a fundamentally a fantasy that feeds ones desire ta change events in a past that doesn't 
exist or a future that has yet to be created by the universe out of the present ‘now’ = neither the past or 
future exist as some sort of place we can travel to. Time travel as part of physical theories is 
mathematical only. As far as the emotional need of 'scientists' to believe in time travel, | can only say 
that this may originate in their narcissistic desire to control events outside of their limitations = to make 
the universe conform to their emotional and irrational desires. This is what usually happens in time 
travel fantasies in science fiction and the movies. While ‘time travel’ is an easy vehicle to move a story 
along in fiction, it also represents an easy way to assert dominance over irreversible or unpredictable 
change. In conclusion time travel is a belief with followers who fervor borders on the irrational thinking 
found in religion. ‘Now’ is the only reality regardless of relativistic transformations that really represent 
slowing dawn or speeding up af the metabolic processes of our bodies or energy flow processes in our 
instruments. Therefore "be here now" and enjoy surfing on your cosmic wave of ‘now’! 
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*You could have done anything, if you wanted 
And all your friends and family think that you're lucky 
But the side of you they'll never see 
Is when you're left alone with your memories 
That hold your life together, like glue" --- The The 
*This is the day, your life will surely change 


This is the day, when things fall into place" --- The The 


The 37C thermal bath of the brain inhibits decoherence of fragile 
quantum states thus supporting consciousness 


My initial calculations show that the thermal noise of the 37 C bath [temperature of the brain sustained by 
homeostasis] can support global quantum states оп the same time scale and possibly longer than those ob- 
served with EEG and fMRI from milliseconds to seconds and possibly longer in the case of memory recall. 
Variations in the 37C 2 310K Body Temperature can lead to subjective time dilation and contraction effects. 


“lock | aps лп. 


"Normal" ] | 


‘Slow к 
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The human body temperature [nominally 37 C = 310 K = 98.6 Е] has been optimized through evolution to control the 
speed of thought in neural networks of the brain that are instrumental for the emergence of consciousness. Maintain - 
ing temperature control over the decay of excited states of a neuron by prolonging or shortening the decoherence 
time of this excited state, the state is available for interaction with other neurons and therefore neural network collec - 
tive excitations such the alpha, beta, and delta macroscopic 'classical' components of consciousness. However vari- 
ations from a normal body temperature can lead to the slowing down or speeding up of an observers sense of time. It 
is possible that the decoherence times in neurons are a component of time dilation and contraction effect. Chemical 
interference via substances such as mind altering drugs may also change decoherence times and lead to senses of 
time distortion. As can be seen in the figure above, the diagram illustrates the 'speeding up' and 'slowing down' of the 
Observers sense of external time based on the number of signals detected from a standard clock in each of the three 
types of subjective 'time' frames. The 'arrows of time' pointing from left to right, are the created by the relationship 
between the standard clock, signals, and the observer 'components' acting together to form a T-computer іп the ob- 

servers reference frame. This will be explored further as we look at decoherence times as a function of temperature. 
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THERMAL NOISE KEEPS YOU THINKING: 

The Emergence of Consciousness created by THERMAL QUANTUM NOISE slowing the deco- 
herence on Sub-Neuronal Unstable Quantum States resulting in the formation of large scale col- 
lective excitations in Neural Networks such as those in the Brain. Thermal noise has been shown 
to inhibit decoherence and decay in unstable quantum systems. Thermal baths can stabilize un- 
stable quantum states in the brain. By delaying the decoherence processes of these states, 
highly mixed coupled quantum states can exist long enough to form collective excitations over 
spatially extended quantum networks across macroscopic classical domains such as the net- 
works of neurons in the brain. Large numbers of quantum states acting coherently by coupling to 
a thermal bath, can cause the emergence of classical electromagnetic brain wave states. These 
states are created and maintained long enough to support global neural network states such as 
consciousness. Consciousness is then a classical collective excitation of the coupled quantum 
states. 


Stimulated by "Quantum decoherence reduction by increasing the thermal bath temperature" Pa- 
per by A. Montina, and F.T. Arecchi. 


I Don't Wanna Grow Up by Tom Waits 


When I'm lyin' in my bed at night 
| don't wanna grow up 
Nothin' ever seems to turn out right 
| don't wanna grow up 
How do you move in a world of fog 
That's always changing things 
Makes me wish that | could be a dog 
When | see the price that you pay 
| don't wanna grow up 
| don't ever wanna be that way 
| don't wanna grow up 
Seems like folks turn into things 
That they'd never want 
The only thing to live for 
Is today... 
Іт gonna put a hole іп my TV set 
| don't wanna grow up 
Open up the medicine chest 
And | don't wanna grow up 
| don't wanna have to shout it out 
| don't want my hair to fall out 
| don't wanna be filled with doubt 
| don't wanna be a good boy scout 
| don't wanna have to learn to count 
| don't wanna have the biggest amount 
| don't wanna grow up 
Well when | see my parents fight 
| don't wanna grow up 
They all go out and drinking all night 
And | don't wanna grow up 
l'd rather stay here in my room 
Nothin' out there but sad and gloom 
| don't wanna live in a big old Tomb 
On Grand Street 
When І see the 5 o'clock news 
| don't wanna grow up 
Comb their hair and shine their shoes 
| don't wanna grow up 
Stay around in my old hometown 
| don't wanna put no money down 
| don't wanna get me a big old loan 
Work them fingers to the bone 
| don't wanna float a broom 
Fall in love and get married then boom 


How the hell did | ue here so soon 


SHRIEKBACK: 
From Naked Apes and Pond Life 


"BERLIN" 


He was walking at night mixing himself with the shadows 
Running blue veined caged tight fast past the flesh windows 
And he was not expecting anything 
Not the angel choir inside his head 
Or the litmus test of doves 
And there they were 
And he felt the rolling fever hands of light upon him 
Felt the beady eyes of the night upon his back 


And he said, "What kind of beast am I?" 
And he said, "Who brings the tablets down this mountain?" 
And he said, "Is this where | live?" 
And he said, "Ah, sometimes l feel so full." 
And a voice answered saying 
"You are an aerial hung up to the Divine 
You are a beach for the waves of the world to crash on 
You are the spilt wine... 

You are the spilt wine at the table of the gods." 
And through the wet streets of the city 
Washed bloody with the warfare of the ghosts 
There is a shining something 
There is a shining something 
And death is only one of its faces 
Love is only one of its faces 
And he said, "I will be a testament to this 
| will be consumed in this 
| will be a run of sparks around the coils of this labyrinth 
| am the roar of the bees in summer 
| am a winged victory 
And this is my epiphany 
| am a winged victory 
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“I'm the one that's got to die when it's time for me to die, so let me live my life the way | want to.” 


— Jimi Hendrix, - Axis: Bold as Love 
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» Time and Information: The Origins of 'Time' from Information Flow In 
Complex Systems 


Scott M. Hitchcock 


An Invited Talk Given at The Institute For High Energy Physics, Protvino, Russia. 
» Presented: Friday, June 29, 2001 


» A VERY SPECIAL AND WARM THANKS TO VLADIMIR A. PETROV OF IHEP FOR 
MAKING THIS HISTORIC MOMENT POSSIBLE! 


The Institute For High Energy Physics, Protvino, Russia. 
WHERE THIS TALK WAS PRESENTED. 
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“THE UNIVERSE STARTS WITH OUR BRAIN AND ENDS AT INFINITY” 
— SCOTT MATHESON HITCHCOCK 11/25/2023 


TIME 


THE SOURCE OF THE TME REVERSAL FALLACY 


à IS THE 'TIME' AXIS [AT LEFT] ASSUMED TO BE 
REAL IN [THIS SPACETIME DIAGRAM 


TTIMEAXIS]— . — — N 


TIMELESS CAUSAL NETWORK DIAGRAM 
THE PROCESS IN SPACE ONLY. NOTE 

WITHOUT A TIME AXIS THERE IS NO NEED 
FOR TIME REVERSAL TO BE USED. 


NOTE THAT THIS IN 
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WHY Feynman's Positron Time Reversal Proposal in 1949 is WRONG AND THE TIME REVERSAL & 
TRAVEL MYTHS are FINALLY CLEARED UP by SCOTT MATHESON HITCHCOCKS THEORY OF TIME 
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| Philosophy 
pm 
Hans Reichenbach 


It has been my great and very special to have completed one of the primary intellectual missions of 
namely his pursuit of the fundamental nature of and its scientifically correct and transparent philosophical 
representation in our body of knowledge. 


: This honor appears to have been given to me at about 4 months in the womb 
in some sort of from him and reception by me through the vacuum medium acting 
like a transfer of some portion or aspect of his ‘ 'or* ’ [both concepts stinking of illogical religious superstition] via а 


between us? 


І would guess soul and spirit concepts were repulsive to him by their non-scientific nature. The of all this seems to 
be keeping his spirit alive in my brain in order to finish his life work on this subject which was cut short by his premature death. 


So, in this fantasy | put a special meaning and purpose in my world. It is my that this is more than mere 
of course this is on my part - 
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Time and information: The origins of 'Time' from Information Flow in Complex Systems - arXiv:quant-ph/o111025v2 5 Nov 


2001 - presented paper at IHEP Friday June 29, 2001 , Protvino, Russia 
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Figures for IHEP paper 


In the figure below the process from state 1 to state 4 and back to 1 can be used to construct a set of 
thermodynamic arrows of time pointing from state to state. 


THE PROCESS 
ILLUSTRATED AT 
THE RIGHT COULD 
BE REVERSED BY 
DOING WORK ON 
THE SYSTEM OR 
EXTRACTING WORK 
FROM THE SYSTEM 


NOTE THAT 
APPLIED 
ARROWS OF 
TIME BY AN 
OBSERVER ARE 
SCALED USING 
AN EXTERNAL 
CLOCK TO 
QUANTIFY THE 
TIME SCALE 


THERMODYNAMIC 
"ARROWS ОҒ ТІМЕ" 
CAN BE APPLIED TO 
THE PROCESS 
PATHWAYS POINTING 
FROM INITIAL TO 
FINAL STATES ALONG 


= | THE SYSTEM 
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THE PATHS FROM STATE (1) TO STATE (2) CAN BE USED TO DEFINE 
PROCESS DEPENDENT THERMODYNAMIC ARROWS OF TIME 'ALONG' 
THESE PATHS WHEN COMPARED TO A STANDARD CLOCK 


ALL THE 
THERMODYNAMIC 
LAWS ARE NOT 
VIOLATED DURING 
THE FORWARD 
PROCESS ОК ITS 
PROCESS 
REVERSAL 


In the figure above we see that a thermodynamic arrow ot time can be assigned to the process from state 1 to 


"e£ PROCESS REVERSAL IS NOT TIME REVERSAL !!! 
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EMPLOYMENT HISTORY: 


Research and Development PHYSICIST [Research Services Physicist II]: 06/95- Prnt. 
Michigan State University, East Lansing, Michigan 48824-1321 


National Superconducting Cyclotron Laboratory/FRIB 


Recent Achievements: 


High Temperature Superconductor [HTS] Magnet Development: Designed, Fabricated 


and Tested HTS splice resistance test fixture and tensile strength fixture. Specification, 
purchase and successful implementation of a Durston rolling machine to fabricate thin 
Indium and other solder sheets for splices. Experimental design and methodology for 
systematic splice testing for interface resistance using proper documentation such as 
spreadsheets. Design, fabrication and implementation of safety shielding for splice test 
cell and calibrated load for current monitoring. Identification of the source of background 
noise in microvolt A/D DAQ system and its elimination with experimental modifications. 
Develop method of polishing HTS for micrograph documentation of variations in cross 
sections of structure. 


Inspection and basic test of alpha spectrometer magnet; Repair leaks in water manifold, 
chamber vacuum test, diagnostics tests including hi-pot coil-to-coil and coil-to-ground 
for all coils, low current magnetic field measurements, prep for storage. 
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Cryogenic Leak Identification and Repairs: Systematic identification a repairs of over 50 
Helium leaks including the A1900 and other instrumentation in the various delivery beam 
lines. Replacement of Cryogenic cooling unit in A900 dipole after fabrication of custom 
Indium thermal interface. 


JLAB HB Magnet Manufacturing: soldering tests, design and fabricate smaller single 
heater soldering iron, modify larger soldering iron and test, prep solder ribbons and Cu 
sealing bar, repair lead on coil with cryogenic epoxy, test and use soldering iron to solder 
coil leads. Fabricate thin [0.025"] circuit boards for mounting dual temp sensors, 
assemble dual temp sensors, prep leads for sensor assembly, tin ends of leads and test Pt 
sensors and ceramic sensors 


ReA3 Hall L-Line Extension Project; magnetic field tests on corrector magnets for 
JENSA beam line, create test fixture using a hot plate to verify that coil thermostats open 
at proper temperature - test remaining stock of thermostats, flow tests and magnetic field 
polarity verifications, check lists for documentation of field polarities, flow tests and 
magnetic field polarity verifications 


Beamline Diagnostics — Mechanical Assembly: Fabricate and test various MCP and 
FC/SI detectors, organize list of modifications on various drives, 


Other Achievements: 


I developed new Carbon Stripper Foil methods and techniques for the K1200 Cyclotron. I 
worked with the Deflector Development Group to create methods for improving the 
performance of ion beam deflectors used to extract particles from the cyclotrons. I was 
involved with the construction, assembly, and operation of the A1900 Beam line 
superconducting quadrupole magnet upgrade for the Coupled Cyclotron Project and a 
construction and design of optical viewing component for the Z110 triple beam slit box 
downstream from the A1900 particle beam optics. I managed construction and 
engineering projects [A1900] with up to 6 employees. 


Optics and Optical Design: I have researched, designed, fabricated and tested a novel 
optical camera system using a fused fiber optic image conduit with appropriate lenses to 
position a CCD camera in a minimal radiation damage zone. The Camera is used to view 
and tune highly ionized particle beams trajectories inside the K1200 Cyclotron via a 
scintillator. 


I have invented, developed, and tested an ultrahigh vacuum optical polycarbonate 
window that operates at liquid helium temperatures. I recently developed optics systems 
for observing SRF cavities in liquid Helium down to temperatures less than 1.4 K, using 
CCD cameras. This resulted in the first diagnostic video record of bubble formation 
events on the outside surfaces of supercomputing Niobium test cavities used to identify 
possible defects on the inside surfaces that could limit their performance in future 
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accelerator systems. Visual identification of the location and other properties of bubble 
formation is a valuable tool for diagnosis of manufacturing problems and a means to 
insure quality control for the many SRF cavities to be used in RIA. I am currently testing 
a small submersible CCD camera system of my own design using a polycarbonate 
housing with internal LED illumination sources, camera heater, and temperature monitors 
for use in liquid Helium, even in the super-fluid state. These small self-contained cameras 
systems will be used in locations that would be difficult to observe by conventional 
optics. I am also working in Operations to troubleshoot problems with the cyclotrons and 
A1900 beam line. I was responsible for the purchase and implementation of a Fiber Optic 
Spectrometer for the Deflector Test Stand to understand arc, spark and glow discharge 
events in cyclotron deflectors used to move the accelerated nuclei out of the cyclotron 
and down the A1900 Beam line to the experimental vaults. The development of better 
deflectors is essential to the operation of the coupled cyclotron project. I have developed 
other optical equipment for observation of beam trajectories on scintillation viewers 
using various types of CCD cameras with optimized lens systems for remote camera 
placement using mirrors in high radiation environments. 


Coupled Cyclotron Project Deflector Development: 


1. Research and testing of materials for shoes and septums in Pseudo-deflector in 
the Deflector Test Stand (DTS). 


2. Research and investigation into effects of particle and residual gas 
contamination on deflector performance written up as a paper 


3. Testing of UV photoemission on shoes at high voltage and breakdown events 
4. Moved, set up, and brought the portable clean room on-line in М1 


5. Research, Experimental design and testing of ‘similar metals’ components of 
pseudo-deflector in DTS. DTS data analysis and summary indicates that the 
optimum spark plate and shoe material is Molybdenum for best performance 
at 90 KV with no Oxygen added. 


6. Development of side-lighting sources for scanner and microscopy studies of 
surface damage effects on HV electrodes 


7. Design and fabrication of scanner sample mounting plate and shoe holders 


8. Investigation of infra-red windows and optics for observation of thermal 
events on pseudo-deflector during HV tests 


9. Modification of components on cyclotron deflector housings and assembly 
methods for deflectors 


10. Fabrication and installation of dry nitrogen gas vent-up system for DTS 


11. Organization of tungsten stock for DTS and cyclotron deflectors 
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12. Documentation of materials testing experiments in DTS 

13. Installation, calibration and operation of a fiber optic spectrometer (FOS) 
for use in understanding light emission processes during arcing sparking and 
glow discharge events in deflectors 

14. Research and development of alternative materials for HV insulators and 
feedthrus 

15. Purchase of material, equipment and tools for implementation of optical 
systems associated with the FOS. 

16. Developed a projection for estimating Deflector Duty Cycles as the Beam 
Power is increased over the next two years for use in budget requirements 

ARTEMIS: 

1. Design and fabrication of mapping instrumentation to measure magnetic fields 
of individual magnets and fields of the magnets when installed in the core. 
Mapped old and new magnets. 

2. Researched and found a better method for mapping ARTEMIS magnets with 


Hall probes in situ using ‘off-the-shelf? precision optical stages (two axis 
translation linear, precision rotation stages, and two-axis tilt platforms stacked 
together can give exact radial, rotational and axial location of the Hall probe 
for repeatable measurements at about a cost of about $2000) from Newport 
Corporation modified for precise, repeatable location and movement of a hall 
probe detector. This would allow easy, routine testing and monitoring of these 
important magnets in the production of beam giving the lab another dimension 


of quality control. 


Stripper Foils: 


1. Development of new method for mounting ‘free edge’ multiple layers of Riken 
long-life carbon stripper foils to obtain the desired net thickness on target holders 
using ultra thin Parafilm “М” as a mechanical support. 

A1900 Beamline: 

1. Built, tested, and installed Faraday detectors for the Е and D lines 

2. Repair of scintillation and gas filled detectors 

3. Coating of scintillation beam viewers. Prepared, coated and installed viewers. 
Write-up of methods and techniques. 

4. Design, fabrication and installation of special purpose mounts for CCD cameras 


for A1900 and operations group. Installation and alignment of optical viewing 
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10. 


11. 


12. 


13. 
14. 
15. 


16. 


17. 


18. 


19. 


20 


systems including mirrors and their mounts. Testing and calibration of CCD 
camera systems in the camera network for the operators 


Designed, built, leak checked and installed a complete custom vacuum system for 
detector testing in A1900 lab 


Development of detailed procedure for venting chambers with PPAC gas detector 
systems in Image 2 and Image 4 (focal plane) 


Co-authored manual for PPAC operation 
Installation of venting valves for image boxes 


Design of upgrades for Image 2 slit and fabrication of parts. Installation and 
calibration of slits. 


Replacement, alignment and signal patching of video monitors and cameras in 
various positions in A1900 and K1200 for operations group 


Design and fabrication and testing of remotely positioned CCD camera viewer 
and optical bench for target production area RAD test 


Image 1 blocker, fabrication of parts, design consultation and testing of CCD 
camera optics. 


Upgrade design work on Image 3 target holder, testing and installation 
Design work on lead storage cabinet for detectors 


Work on limit switch designs and reliability testing for use with A1900 detector 
positioning devices, slit positioners 


Optical alignment, measurement, and precision positioning of magnets, viewers, 
detectors, and experimenters instrumentation using Jig Transit telescopes and 
Electronic Digital Theodolites. 


Research, development of techniques, and innovative methods for carbon stripper 
foil design and mounting on target holders 


Specification and purchase of a varied of special purpose materials, equipment 
and tools for various projects throughout the lab 


Development of fiber optic illumination techniques for viewers in the camera 
system network 


. Development of remote CCD viewing optical system for the Image 1 box. 


ӚКЕ: Consultation with graduate students on temperature detection methods and device 
design for temperature sensor holders. Supervision of graduate and undergraduate 
students during installation of delicate instrumentation 
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1. Researched, designed and implemented viewing optics for SRF cavities. 
Installation and testing of CCD camera systems with viewing optics for 
observation of bubble formation on SRF cavities in LHe 


2. Research and design of overlapping Niobium weldment reinforcements for 
strengthening high stress areas. Prepared demo samples to verify proof of 
principle 


3. Invention of polycarbonate cryogenic windows that can withstand extreme 
temperature and pressure differentials (Room temp, and > 1 atmosphere on one 
side LHe and or Ultra high vacuum on the other side). Stress analysis of windows 
before and after tests using optical polarimeter, demonstrated that thermal cycling 
did not damage windows. 


4. Invention, design and development of a polycarbonate CCD submersible camera 
system for viewing SRF cavities in LN2 and LHe. 


5. Research and development of LED illumination systems to operate in LHe inside 
Dewars for CCD camera systems. LED illumination systems for CCD camera 
viewers in the camera network 


6. Research and analysis of ‘dark cloud’ of bubbles during RF events at super cooled 
LHe in SRF cavities. Found a classical optical explanation involving Mie and 
Rayleigh scattering of light by small bubbles and wrote short paper showing that 
bubbles can form in LHe superfliud conditions contrary to popular belief. 
Confirmed these results with LHe expert on bubble formation. 


7. Design and fabrication of Cu RF antennae and special RF capacitor connector for 
SRF cavities. 


8. Research, development and testing of UV sources and transmission windows for 
induced photoemission studies on interior surfaces of Nb cavities 


Sweeper Magnet: 


1. Assembly, wiring, testing and alignment of Hall probe array for Sweeper magnet 
fixture. Optical and mechanical alignment of fixture in the magnet. 


2. Optical alignment of camera viewer. 


Misc. Activities: 


Design and fabrication of water monitors for the labs dry nitrogen supply 
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Other Activities: 


Invention, design, and testing of tested my design for slotted pins that replace standard 
pins in the A-B and B-C joints of the K1200 deflector. Any open circuit due to 
mechanical/electrical gaps between the pins and the shoes can be closed by using slotted 
pins with minimal width slots (0.010” cut by EDM) aligned parallel to radial direction of 
deflector motion. This will give us the maximum mechanical strength using a ball spread 
only 0.003" (0.013" for a 0.010" slot) to make electrical contact in mating shoe holes and 
allows for an adjustable minimal assembly force between pins and holes. The pins were 
repeatedly tested 10 times with an extreme gap increase of 0.010" for a net diameter for 
the ball of 0.135" in a 0.125" diameter. Each time they were removed they were 
measured and found to retain the 0.135" diameter indicating that they remained within 
their elastic limit. They were also rotated in the holes, withdrawn and found to keep this 
diameter. No galling in the hole or metal deposits on the ball surfaces of the pin was 
observed. Since the same setup with standard pins gave the same results as with the 
slotted pins we can say that they aren't worse. The problem remains that poor electrical 
contact leading to breakdown events such as the melting of the C shoe are intermittent or 
rare phenomena resulting from a unique set of mechanical tolerance issues in which the 
pins find themselves centered in their mating shoe holes without good electrical contact. 
Note that a shoe at high voltage ‘sees’ a nearby electrically ‘floating’ shoe as a relative 
ground to which it can arc thus melting the aluminum and in this case providing metal 
vapor in a quasi-closed space that sustains further arcing and electrical breakdown events. 


We set up a set of shoes on the surface plate and showed that it is possible to create and 
open circuit state even with as little as 0.001" gaps between standard pins and shoe 
sockets for both A-B HV and B-C positions, anodized holes act as insulators. With the 
slotted pins the circuit from high voltage rod to all shoes was closed with the minimal 
DMM resistance of 0.10. 


Found that insulators should not have solder glass machined off since the glassy smooth 
surface exposes the porous inner material. The smooth exterior surface of the glass solder 
created by surface tension during the fusing process appears to keep any HV spark 
nucleation whiskers, sharp or irregular non-uniformities, and porous structure hidden 
under glassy finish. In order to take advantage of this effect, the soldering process should 
be optimized to that no solder flows onto the button rim. This is necessary for insertion of 
the insulator in the shoe and housing. Solder joints should not be sandblasted since this 
can make micro-cracks in the surface leading to material loss or it could remove the 
smooth layer exposing voids and non-uniformities that can act as sites for breakdowns 
such as the ones we made videos of described below. If sandblasting is necessary then the 
solder joints should be masked. We can experiment with resealing exposed joints using a 
thin line of solder around the insulator-button interface and reheating the insulator to fuse 
the solder and create a smooth surface. 
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Designed and tested Macor insulator with domed buttons and glassy solder joints 
(unmachined) in the Deflector Test Stand. It conditioned up to 90 KV with almost no 
sparks and ran with negligible dark current even when ramped up to 100KV. Will 
continue running at 90 KV with no O» to see if breakdown between domes through 
Масог occurs. 


Made two videos, one with and one without added oxygen, of a Macor insulator with a 
machined solder joint running at 90 KV and minimal dark current. They show that glow a 
discharge/plasma can be sustained at the joint in spite of fact that vacuum is at 10° Torr 
with no О» added. When Оз is added, the glow discharge grows but does not quench or 
suppress initial plasma. The key point is that any HV electrode/insulator interface can act 
as a site for glow discharge. In this case the exposed (machined or damaged) solder glass 
fed the plasma even though по apparent dark current or sparking is going on. In other 
words from an operational point of view there could be no indication of a continued glow 
discharge if one were only looking at voltage and dark current. This also means that 
sputtering due to glow discharge/plasma can create conductive surfaces and/or particles 
that can trigger arcing and sparking on conductive surfaces without any apparent changes 
in the deflector operating voltage and current. 


Identified the role of oxygen in deflector operation using a Fiber Optic Spectrometer: The 
role oxygen is becoming clearer using the above results and the data from the fiber optic 
spectrometer (FOS). Preliminary FOS data shows that in pseudo-deflector (PDEF) tests 
three oxygen gas density zones emerge. When no oxygen is present using machined and 
sandblasted Macor insulators, strong sodium (Na) and Aluminum (АІ) emission lines are 
detected. A high-pressure treatment using 10 sccm Оз these lines are still there but in 
both of these cases there are no oxygen lines observed. At 40 microns O» pressure, strong 
oxygen lines are observed but the aluminum and sodium lines are absent. Sodium 1$ not 
expected based on the composition of the shoe, septum, Macor or other PDEF 
components except if the glass frit in the solder 1$ standard *sodium-glass'. Since we have 
seen strong activity around the solder joints it seems plausible that the sodium is the 
result of the *virtual glow discharge source created by machining and sandblasting that 
exposes the internal *foamy' and whisker-like structure of the solder. The Aluminum is 
expected from the shoe but most likely it is from the Macor near the solder joint. Macor 
is 8.4% aluminum by weight. This may help to explain how the aluminum nitride 
insulators breakdown. In this case the damage is greatest near the braze/solder junction to 
the button. It appears in both cases that aluminum can be transformed from oxide states 
into conductive metal. For the aluminum nitride this appears in the material as tracks, in 
the Macor the aluminum may be vaporized thus emitting it's characteristic spectra. Using 
the FOS located near the glow discharge site will provide more information about these 
processes and help to clarify the role of oxygen. It appears that the glow discharges 
observed this week are independent of oxygen in that the addition of the gas enhances 
rather than suppresses such events. 
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I performed instrument repairs, shop maintenance, and precision polishing. I have hands 
on experience with Bridgeport mills & Leblond lathes, I am skilled with taps, grinders, 
drill presses, saws, general hand tools, micrometers, calipers and precision measurement 
equipment on surface plates etc, this also includes blueprint reading and layout for 
manufacturing. PC skills include Microsoft Word, Excel, Scientific Workplace, RFFlow, 
and Maple. 


Engineer: 08/90-09/92 LECO Corporation, St, Joseph, Michigan, 49085 


Spectroscopy: Installation, operation, troubleshooting and field repair of precision chemical 
instrumentation. This includes instruments such as Induction Coupled Plasma Spectrometers and 
Glow Discharge Spectrometers. These are used for multi-element analyses of samples. I operated 
High Voltage RF power supplies, Argon plasma “torches”, computer control systems for electro- 
mechanical positioners, Echelle grating spectrometer optics, pneumatic and hydraulic positioning 
systems. Calibration and alignment of complex optical systems at the sub-nanometer scale — М to 
1/10 of a wavelength of light. 


Research Assistant Chemist: 09/89-07/90 Dow Corning Corporation, Midland, MI, 48686. 


I was involved with Fabrication and processing of polymers and composite samples and 
precision characterization of their physical and chemical properties in the products development 
and research labs. I calibrated the instrumentation, maintained gas supply and cooling systems, 
as well as performed minor repairs. 


Engineer: 01/88-07/89, Ion Surface Technology, 1030-F North Crooks Rd., Clawson, MI 
48017. 


Operation, maintenance and repair of ZYMET Ion Implantation (2 MeV Nitrogen linear) Particle 
Accelerator used for surface treatment of tools, dies, surgical bone screws, and molds. I 
fabricated specialized fixtures and holders for manipulating the targets in order to make a high 
quality uniform implanted surface. 


Research Physicist: 03/84-08/86 Arizona Carbon Foil Co. Inc., 538 North. Stone Ave, 
Tucson, AZ 85705. 


Invention of Ultra-thin Borosilicate (Pyrex) Glass windows mounted on Platinum washers for 
use as windows for Rutherford Backscattering Experiments with fuel cells for Los Alamos 
Laboratories. Use of optical interference methods for measurement of thin Pyrex windows 
thicknesses (see paper below). I prepared metal, glass, and plastic substrates and performed the 
deposition of thin films including metals and carbon on them. Creation of thin carbon foils on 
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wax filled apertures. The wax was removed chemically leaving a thin foil bonded to the 
substrate. Operation and calibration of thin film thickness monitors. Designed, constructed, 
tested, and operated a Glow Discharge thin film deposition instrument for the production of 
cracked ethylene foils (see "Publications" below). I was responsible for my own research as well 
as the quality control of other thin film/foil production team. I designated and purchased 
equipment for research and production. I was technical manager of up to 6 personnel in the 
manufacturing area. 


Research Associate: Spring Semester 1984, University of Arizona, Steward Observatory, 
Tucson, AZ 


Speckle interferometry optical imaging techniques and data reduction. Assisted in observing runs 
at Kitt Peak National Observatory and what was once the Multiple Mirror Telescope. Developer 
of artificial star using lasers to create an upper atmosphere reflection/emission source as a 
standard for correcting iso-planatic patch perturbations in image reconstruction using Fourier 
methods. 


Analytical Chemist: 02/79-03/84 Phelps Dodge Corporation, Division of Environmental 
Engineering, Tucson, AZ 85705. 


Spectroscopy: I operated and maintained an AA (atomic absorption) spectrometer (with a 
graphite furnace) for chemical analysis of soil, water, and EPA control samples. I also operated 
and maintained emission spectrographs for elemental analyses. 


EDUCATION: 


Michigan State University, East Lansing, MI, 1/95 to 12/95 Mildred B. Erickson Fellowship 
Recipient, as a Lifelong Education Graduate student. 


Washtenaw Community College, Ann Arbor, MI, 5/93 to 05/95 Recipient of the Foundation 
Scholarship, member of the Phi Theta Kappa Academic Honor Society. Coursework in Cell 
biology and lab work in DNA identification and mapping methods. 


Oakland University, Rochester, MI, 01/87-12/87, graduate classes in Physics. 
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University of Arizona, Tucson, AZ, 01/78 to 08/84; Bachelor of Science, Major: Physics 1984. 
Minors in engineering and Astrophysics. I also did volunteer work at the Kino Community 
Hospital Emergency Room servicing the Native American population near Tucson. 


Western Michigan University, Kalamazoo, MI, 09/71-12/77 Bachelor of Science, Majors: 
Mathematics and fine Art, 1977. I developed new techniques in printmaking and holography. 
Advanced Spectroscopy graduate class grade 4.0/4.0. 


PROFESSIONAL HONORS AND RECOGNITIONS 


In 2001 I served on the International Advisory Committee with Nobel Laureate Ilya Prigogine 
for the XXIV International Workshop on the Fundamental Problems of High Energy Physics and 
Field Theory at the invitation of the Institute for High Energy Physics (IHEP). I was on the 
Workshop Organizing Committee to develop a conference on the topic of *time' in Protvino, 
Moscow Area, Russia, June 27-29, 2001 where I gave an invited talk and paper. This honor was 
in recognition of my pioneering work on the ‘problem on time’. It reflects the enthusiasm 
generated by the invited talk and paper I gave the previous year at the IHEP XXIII Workshop, 
June 21-23, 2000. 


PUBLICATIONS: 


"Quadrupole magnet field mapping for FRIB" by M. Portillo, M. Hausmann, A.M. 
Amthor, S. Chouhan, K. Cooper, A. Gehring, S. Hitchcock, T. Kubo, J. Kwarsick, S. 
Manikonda,D.J. Morrissey, J.A. Nolen, Jr., B.M. Sherrill, C. Sumithrarachchi, H. Suzuki, 
H. Takeda [Nuclear Instruments and Methods in Physics Research B 317 (2013) 
271?273] 


"Stripper foil developments at NSCL/MSU" by Е. Marti, S. Hitchcock, P. S. Miller, J. 
Stetson and J. Yurkon [2010] 


"Graphene-based Stripper Foils for Next Generation Rare Isotope Beam Facility" by R. 
L. Fink, J. A. Nolen, Jr, S. Hitchcock, Е. Marti, S. Gambhir, D. L. Officer, and С. С. 
Wallace [2010] 


"A Carbon Foil Stripper for FRIB" by Felix Marti, Scott Hitchcock, and John Oliva 
[2010] 
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"Fabrication and Testing of the Magnet System for SUSI Superconducting Source for 
Ions." J.C. DeKamp, P.A. Zavodsky, B. Arend, S. Hitchcock, J. Moskalik, J. Ottarson, 
and A.F. Zeller, IEEE Trans. Appl. Supercond. 17 (2007) 1217. 
10.1109/TASC.2007.897845 


"Niobium Quarter-Wave Resonator Development for the Rare Isotope Accelerator", JW. 
Hartung, J. Bierwagen, S. Bricker, J. Colthorp, C. Compton, T. Grimm, S. Hitchcock, 

Е. Marti, L Saxon, К.С. York [NSCL] and A. Facco, V. Zviagintsev [INFN Legnaro], 
11th Workshop on RF Superconductivity MSUCL-1276. arxiv:physics/0412031v1 4 Dec 
2004. 


"Superconducting RF Activities at NSCL", J. Bierwagen, S. Bricker, D. Capelli, C. 
Compton, T. Grimm, W. Hartung, S. Hitchcock, M. Johnson, D. LaMere, H. Podlech, 
К.С. York, and В. Zink. Presented at the 10th Annual Workshop on RF 
superconductivity, KEK, Tokyo, Japan, September 2001 and to be published in the NSCL 
2001 Annual Report. 


"Stripper Foil Mechanism for the K1200 Superconducting Cyclotron", by J. Bonofiglio, 
S. Alfredson, S. Hitchcock, F. Marti, A. Rodriguez, G. Stork. Proceedings of the 
CYCLOTRONS 2001 International Conference on Cyclotrons and Their Applications, 
East Lansing, Michigan, May 13-17, 2001 


"Construction and Commissioning of the NSCL's A1900 Fragment Separator" by А. 
Zeller, J. DeKamp, J. Wagner, R. Zink, D. Sanderson, B. Sherrill, D. Morrissey, R. York, 
S. Hitchcock, 

X. Wu, and H. Laumer. Proceedings of the CYCLOTRONS 2001 International 
Conference on Cyclotrons and Their Applications, East Lansing, Michigan, May 13-17, 
2001. 


"Testing of Large Aperture Superferric Quadrupoles" by A.F. Zeller, R. Zink, J. Wagner, 
S. Hitchcock, J.C. DeKamp, and A Balint, IEEE Trans. on Applied Superconductivity 
9(1999) 693. 


"A Facility for Production of Improved Carbon Foils", by J.O. Stoner, Stanley Bashkin, 
and Scott Hitchcock, in Nuclear Instruments and Methods in Physics Research A236 
(1985) pp. 569-571, North-Holland, Amsterdam. [Cracked ethylene foil production 
system] 


"Borosilicate Glass Foils", by Scott M. Hitchcock and J.O. Stoner Jr., in the International 
Nuclear Target Development Society Newsletter Dec. 1985 pp. 22-23. [Produced for Los 
Alamos Rutherford backscattering experiments with fuel cells] 
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The 37C Brain, Delayed Decoherence, and the Emergence of Consciousness 


Abstract: 

Thermal noise has been shown to inhibit decoherence resulting in longer lifetime of 
fragile quantum states. The delayed decoherence of these states allows for 

highly mixed but coupled quantum states to form collective excitations in 

spatially extended systems in the classical domain. In the limit of large numbers of 
quantum states, classical states emerge such as electromagnetic brain waves. The state of 
consciousness is a collective excitation whose existence would not be possible if the 
quantum states of which it is composed, decohered too rapidly. The 37C self-regulating 
thermal bath in the brain is shown to delay decoherence of fragile quantum states long 
enough for classical large-scale states to emerge, persist, and supply information states 
[infostates] for the computational neural networks creation of soliton-like epiphenomenal 
states such as consciousness. 


2007: 


This is a summary of early ideas about 'socialized' narcissists, the problems they create, 
and how to deal with them: 


Socialized Narcissists[ PDF] 


2005: 

This was a working outline for a talk to be given at a conference in Baden-Baden, 
Germany that I did not attend due to the fact that it was organized by the people 
described in this paper: 


The Joy Killers; Socialized Narcissists, the extinction of Empathy, and the road to 
Eudemonia[PDF] 


2003: 


Neuroquantology Article: 


Abstract: 
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What is Time? Time is a form of information (a label, number, or dimension, etc.) we 
have invented to quantify and measure (usually a number) changes in the things that fill 
the world around us as well as the life processes within us. 

Recent important research [Rao et al below] has identified the components of the brain 
that appear to time label information from observed sensory events, store the labeled 
information in memory and then using the time labels for two or more events to compute 
their time differences, time intervals, elapsed times or 'lifetimes'. Time differences are the 
basis of the 'time' numbers we read from clocks and compute in our brains. Time is our 
map of change. Maps are abstractions of information and can be used to construct useful 
devices such as space-time. A general time computer or T-computer model is outlined 
that shows how observed signals can be processed into time labeled information states 
infostates by our instruments or our brains. The observer can communicate the 'time' 
computed for observed events using consciousness and language signals to drive sound 
signals in the vocal cords for instance. The problem of time is near a realistic solution 
now that the brain's T-computer has been identified. The brain is the 'local' creator of 
time, space, and space-time as our special maps of the reality we 'observe' and participate 


Abstract: 
Timing is crucial to many aspects of human performance. To better understand its neural underpinnings, we used 


event-related fMRI to examine the time course of activation associated with different components of a time perception 
task. We distinguished systems associated with encoding time intervals from those related to comparing intervals and 
implementing a response. Activation in the basal ganglia occurred early, and was uniquely associated with encoding 
time intervals, whereas cerebellar activation unfolded late, suggesting an involvement in processes other than explicit 
timing. Early cortical activation associated with encoding of time intervals was observed in the right inferior parietal 
cortex and bilateral premotor cortex, implicating these systems in attention and temporary maintenance of intervals. 
Late activation in the right dorsolateral prefrontal cortex emerged during comparison of time intervals. Our results 
illustrate a dynamic network of cortical subcortical activation associated with different components of temporal 
information processing. 


2002: 


The Creation of Time from Substance and Space [PDF] 


Abstract: 

The 'problem of time' can be 'solved' by observing that 'time' is a computational artifact 
originating from the 'change' in the states and configurations of substance 

(matter) at all scales and levels of complexity in the space of an evolving 

Universe. 'Change' results from instabilities in the configurations of matter, 

which are driven by the fundamental forces into more stable configurations. The 
reconfiguration processes resulting in the hierarchical forms of matter 

throughout the universe are the fundamental sources of 'signals', which carry 
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‘information’ from one material system to another. The process of pairing 
signals, from one changing system (a standard clock) to 'observed' signals from 
another changing system, creates 'time labeled' information states or 
'infostates'. The difference between the time labels for any two infostates is 
defined as the 'time' elapsed between the two observed events. "Time' does not 
exist a priori, but is in fact a computed measure of change. The 'logic' 
involved in producing time labeled infostates is illustrated using a 
"T-computer model. The construction of a 'direction' and 'dimension' for 
'arrows of time' follows from the 'time differences' between labels for the time 
labeled 'infostates'. The set of all time labeled infostates forms the basis for 
conventional 'time' coordinates. 'time differences' between labels for the time 
labeled 'infostates'. The set of all time labeled infostates forms the basis for 
conventional 'time' coordinates. 


2001: 


Time and Information, the Origins of 'Time' from Information Flow In Causal Networks 
and Complex Systems [PDF] 


Comments: 17 pages, 6 Figures This is the invited talk given at the Institute for High 
Energy Physics (IHEP), Protvino, Russia, June 27-29, 2001 


Abstract: 

The 'problem of time' can be 'solved' in principle by taking the viewpoint that information 
created by quantum systems or Feynman Clocks (FCs) is transferred by signals to 
detectors as quantum 'infostates' and then used to construct 'time' with a T-computer. This 
constructed quantum 'time' results from the quantum 

computational process of coupling observed signals to standard clock signals 

into time labeled infostates in an observers' T-computer. The T-computer model 

is used to define standard 'time coordinates' for 'events' in space-time maps. 

The 'direction' and 'dimension' of 'arrows of time' follow from the ordering and 

properties of the numbers used to label event 'times'. 


Abstract: 


Do quantum computers already exist in Nature? It is proposed for the first time that they 
do and are fundamental to our very existence. An expanded conception of what 
constitutes a quantum computer and computers in general (e.g. the 'universe' as a 
computer...) is proposed to replace the limitations of the 'classical' computer paradigm 
being applied to this new territory. Photosynthesis is one example in which a 'quantum 
computer component exists in real classical biological systems. Quantum photons are 
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'computed' into 'classical' chemical and biological information and energy processing 
structures. The building of increasingly complex information structures such as ourselves 
from simple chemicals originates in the transformation of energy from photons into 
biomolecules in photosynthetic quantum computers and the subsequent systems built 
upon these. The creation and propagation of high-density information structures such as 
DNA is traceable to fundamental quantum computing processes as well as complex 
macroscopic processes and various networks forming the ecosystem over geological time 
scales. In this sense the boundary between quantum and classical computation is not 
discreet but a fuzzy transition at small scales and may even occur in the classical scale 
(e.g. superconductivity, Bose-Einstein condensates, quantum teleportation, non-local 
quantum communication, black holes and the surface of the deep energy sea of the 
vacuum. A 'translation' of the standard metabolic description of the 'front-end' light- 
harvesting complex in photosynthesis into the language of quantum computers is 
presented. Biological systems represent an untapped resource for thinking about the 
design and operation of hybrid quantum-classical computers and expanding our current 
conceptions of what defines a 'quantum computer' in Nature. 


"When It Comes to Photosynthesis, Plants Perform Quantum Computation". "The 
wavelike motion of energetic particles through photosynthetic systems enables plants to 
efficiently capture the sun's energy. Now biophysicists at the University of California, 
Berkeley, have shown that plants use the basic principle of quantum computing the 
exploration of a multiplicity of different answers at the same time to achieve near-perfect 
efficiency." [See the original article "Evidence for wavelike energy transfer through 
quantum coherence in photosynthetic systems" in Nature 446, 782-786 (12 April 2007)]. 


Is There a 'Conservation of Information Law' for the Universe? [PDF] 


Comments: 7 pages, no figures, minor corrections and reference added. 


Abstract: 

What are the implications if the total 'information' in the universe is conserved? 
Black holes might be ‘logic gates' computing the ‘lost information' from 
incoming 'signals' from outside their event horizons into outgoing 'signals' 
representing evaporative or radiation decay 'products' of the reconfiguration 
process of the black hole quantum logic 'gate'. Apparent local imbalances in the 
information flow can be corrected by including the effects of the coupling of 
the vacuum 'reservoir' of information as part of the total information involved 
in any evolutionary process. In this way the 'vacuum' computes the 

future of the observable universe. 


Time and Information [PDF] 
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Abstract: 

The relationship between 'information' and 'time' is 

explored in order to look for a 'solution' to ће 'Problem of Time’. 'Time' is 

found to be the result of the conversion of energy into 'information'. The 

'time' number or label we assign to 'events' can be manufactured by processing 
information 'flowing' from a Feynman Clock (FC), via a 'signal', to a Feynman 
Detector (FD) in causal networks. Macroscopic arrows of time are built from the 
irreversible Quantum Arrow of Time (QAT) associated with unstable or excited 
states of quantum systems. The QAT is connected to the thermodynamic arrow of 
time. Collective Excitations, and causal networks provide a means for 
understanding 'time' in complex systems. The ordered set of the 'time' numbers 
labeling 'events' can be used to construct the 'direction' and 'dimension' 
associated with the usual conception of a 'time' axis or 'time' coordinate in 
quantum, classical and relativistic mechanics. 


Feynman Clocks, Causal Networks, and The Origin of Hierarchical 'Arrows of Time' in 
Complex Systems. Part 1: 'Conjectures'[PDF] 


Comments: 35 Pages Note: with all the original 22 Figures. 


Abstract: 

This is a catalog of raw ideas about time up to this point even if they were rejected later 
or not used. A theory of time as 'information' is further developed using Feynman Clocks 
(FCs), Collective Excitation Networks (CENs), Sequential Excitation Networks (SENS), 
Plateaus of Complexity (POCs), inside a systems theory paradigm. Applications of this 
approach range from the Big Bang to the emergence of ‘consciousness’. 


2000: 

Feynman Clocks, Casual Networks, and the Origin of Hierarchical ‘Arrows of Time' in 
Complex Systems from the Big Bang to the Brain [PDF] 

Comments: 21 pages, 6 Figures, corrected equations, revised content. 

This is the invited talk given at the Institute for High Energy Physics (IHEP), Protvino, 
Russia, 2000 


Abstract: 

A theory of 'time' as a form of 'information' is proposed. New tools such as Feynman 
Clocks, Collective Excitation Networks, Sequential Excitation Networks, Plateaus of 
Complexity, and Causal Networks are used to unify previously separate ‘arrows of time'. 
A method is demonstrated for the unification of the fundamental interactions [forces] of 
Nature using this new theory of time. 


1999: 
Quantum Clocks and the Origin of Time іп Complex Systems [PDF] 
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Comments: 17 pages, revised and updated, this is my first paper on time. The origin and 
nature of time in complex systems is explored using quantum clocks and the signals 
produced by them. 


Abstract: 

'"Feynman' clocks are proposed here as a general model of unstable systems that create the 
signals we use to create 'time' from 'change'. Networks of these clocks provide the basis 
for the creation of time as a measure of evolution of complex dynamical systems. The 
general concept of 'time' is translated into the ‘lifetimes’ of 

these unstable configurations of matter represented by the general model of 

Feynman clocks. "Temporal phase transitions' mark the emergence of classical 
properties such as irreversibility, entropy, and thermodynamic arrows of time. 

It is proposed that the creation of the universe can be modeled as a quantum 

clock. Keywords: the problem of time, the arrow of time, time asymmetry, the 
many-body problem, cellular networks, complexity, the Wheeler-DeWitt equation, 

and quantum cosmology. 
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SCOTT MATHESON HITCHCOCK GIVING HIS PITCH ABOUT HIS TIME THEORY 
AS AN INVITED TALK TO PHYSICISTS AT THE INSTITUTE FOR HIGH ENERGY 
MOSCOW REGION, RUSSIA ON JUNE 21, 2000 


| Р А " n m и те > 


ІНЕР 2000 [Russia] An Invited Talk "Feynman Clocks And The Origins Of 
Time In Complex Systems From The Big Bang To The Brain" by 
Scott Matheson Hitchcock Given at The Institute For High Energy 

Physics [IHEP] , Protvino, Russia. Presented: Wednesday, June 21, 2000 


[DEMONSTRATION 
{UNITS 


Feynman Clock Demonstration Units, The units illustrate the status of the excited 
(green LEDS) and detector states (red LEDs) of two representative FC-nodes or gates in 
a causal network. Each of the two identical FC/FD units in the kit is a battery operated 
infra-red photon pulse transmitter and detector. Signals from one unit are sent to the 
other unit by conventional infrared sources and detectors used in television remote 
controls. They are shielded from stray light by the two hollow black tubes between the 
units. The 'time' interval between successive FC signal emissions (accompanied by a 
decreasing number of green LEDS displayed on the transmitter) represents the lifetime 
of the collective exctiation state forthat system configuration given by the number of 
LEDs illuminated. The ‘decay’, or ‘decoherence’ lifetimes for the transition trom the FD 
mode to the FC mode of a unit represent the internal reconfiguration process of the 
entire gate or node. The number of green LEDs displayed indicates hoe many signals or 
excited states remain in the Feynman Clock mode of that unit from a maximum possible 
number of 10. After all ten signals have been sent the transmitting unit shifts to a FD 
mode with no lights on. It remains in this mode until 10 signals have been detected by it 
or it is shut off. Examples of these systems include the photon emission and absorption 
in atoms, phonons or sound waves emitted or detected in crystals, and electron and 
'exciton' flow in photosynthetic networks in plant cels. The cyclical circuits created with 
the feedback and feedforward of signals between these two units illustrates elementary 
information processing in neurons. Conventional ‘time’ between red/green LED events is 
created by the observer cf the two node network by a process of signal mapping. The 
STEREO PHOTO BY TONI red and green light is mapped to the internal or standard clock of the observer from 

--. which the understanding of the causal nature of the information flow between these two 
units is related to the standard ‘direction’ and ‘dimension associated with ‘time’ 


FACILITY FOR RARE ISOTOPE BEAMS IS ONE STEP CLOSER 


ROD SANFORD/Lansing State Journal 
‘Science at work: Research and development physicist Scott Hitchcock runs a heating test Wednesday on a piece of carbon material at 
MSU's National Superconducting Cyclotron Laboratory. The material is being studied for possible use in the Facility for Rare Isotope Beams. 


Feds OK design concept for 
MSU nuclear physics facility 


$600 million site 
gains access to 
$40M in funding 


Маттнеу/ MILLER 


mrmiller®lsi.com 


Not quite two years into 
the Facility for Rare Isotope 
Beams project, the U.S. De- 
partment of Energy has ap- 
proved the conceptual de- 
sign for the $600 million nu- 
clear physics research facil- 
ity that will be built at Mich- 
igan State University. 

Known as critical deci- 
sion l approval, it gives MSU 
the go-ahead to continue 
design work, as well as ac- 

cess to $40 million in feder- 
al money over the next two 
years, 

“1% one of the gates we 
have to go through, and we 
went through it,” said Thom- 
as Glasmacher, project man- 


ager for FRIB. 


Not that the process of 


getting there was quite that 
simple. Internal reviews by 
MSU in May and June were 
followed by a DOE review in 
July and, finally, a review by 
the agency's Energy Systems 
Acquisition Advisory Board 
that concluded last week. 


Courtesy image 
Concept drawing: An artist's rendering of the proposed facility 
housing the Facility for Rare Isotope Beams. 


"The university has done 
a great job," said Ron Lutha, 
the DOE federal project di- 
rector in charge of FRIB. 

'The machine at the heart 
of FRIB will be a super- 
conducting linear acceler- 
ator at least 1,000 times 


se: FRIB | Page 2A 


| TIMELINE 


» Dec. 11, 2008: The U.S. 
Department of Energy 
announces that it will award 
the Facility for Rare Isotope 
Beams project to Michigan 
State University. 

» June 8, 2009: MSU and the 
Department of Energy sign a 
cooperative agreement, 
starting the flow of federa! 
funding to the FRIB 
project. 

» Sept. 1, 2010: MSU receives 
critical decision 1 approval 
from the Department of 
Energy. 

» Late 2013: Construction of the 
FRIB facility to begin 

» 2016: Facility construction to 
conclude 

» 2017: Integration and 
commissioning of FRIB 
technology to begin 

› 2018: Unofficial target date for 
project completion 
» Early 2020: Official target 


date for project completion 
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Т-сотрщег$ and the 


Origins of Time in the Brain 


Scott M. Hitchcock? 


Abstract 


Recent research has identified the components of the brain that appear to 
time label information from observed sensory events, store the labeled 
information in memory and then using the time labels for two or more 
events to compute their time differences, time intervals, elapsed times or 
‘lifetimes’. Time differences are the basis of the 'time' numbers we read 
from clocks and compute in our brains. Time is our map of change. Maps 
are abstractions of information and can be used to construct useful 
devices such as space-time. A general time computer or T-computer 
model is outlined that shows how observed signals can be processed into 
time labeled information states infostates by our instruments or our 
brains. The observer can communicate the 'time' computed for observed 
events using consciousness and language signals to drive sound signals in 
the vocal cords for instance. The ‘problem of time’ is near a realistic 
solution now that the brain's T-computer has been identified. The brain is 
the ‘local’ creator of time, space, and space-time as our special maps of 
the reality we 'observe' and participate in. 


Key Words: T-Computers, Information 
NeuroQuantology 2003; 4: 393-403 


! Other papers by Scott M. Hitchcock are at http://www.msu.edu/-hitchco4/. Correspondence hitchco4 @ pilot.msu.edu. 


? This version of the paper was slightly revised on January 5, 2003, by the deletion of the J. Barbour reference. It was replaced with J. 
B. Priestley's 1964 book “Man and Time" which I only found just recently. This book pre-dates Barbour's ideas about change as the 
source of time and I felt that I should refer to the earlier source for historical correctness. There may be even earlier references that I 
have not yet found. I have said in my earlier papers “М о change means no time”. I arrived at this while completely unaware of both 
Priestley's work in 1964 and Barbour's 1999 book “Тһе End of Time" and his web page. If some of my other ideas are inadvertent 
reinventions of other people's work, I would appreciate references from the reader. Please look at the extensive references in my 
earlier papers before contacting me since many other people's papers are implicitly referred to via the references to my own earlier 
papers I use in this paper. 
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"Why is the flow of psychological time identical with the direction of increasing 
entropy? The answer is simple: Man is part of nature, and his memory is a registering 
instrument subject to the laws of information theory. The increase of information defines 
the direction of subjective time. Yesterday's experiences are registered in our memory, 
those of tomorrow are not, and they cannot be registered before tomorrow has become 
today. The time of our experience is the time which manifests itself through a registering 
instrument. It is not a human prerogative to define a flow of time; every registering 
instrument does the same. What we call the time direction, the direction of becoming, is a 
relation between a registering instrument and its environment; and the statistical 
isotropy of the universe guarantees that this relation is the same for all such instruments, 


including human memory." 


Hans Reichenbach 


INTRODUCTION 


hat is Time? Time is a form of information (a ‘label’, ‘number’, or ‘dimension’, 

\ À etc.) we have invented to quantify and measure (usually a ‘number’) changes in 
the things that fill the world around us as well as the life processes within us. 

The time labeled information state is a new state of mind that is a sum of observed 
sensory information combined with a time label. One can think of this as a ‘word’ of ‘a’ 
bits of observed information combined with ‘b’ bits of time labeling information 
forming a ‘word’ or infostate, I, at a time, t, of a + b = I, total bits that can be 
‘perceived’ and compared with other time labeled infostates as well as ‘stored’ in 


accessible sequential memory Time is a form of information 


locations. This infostate is only one 


of many in a sequence that that represents a measure of 
characterize evolving configuration change. The real 'problem of 
changes of the observed phenomena time' is about how we compute 


around us. Time is a construction of 


our brains used to organize sequential 'time' and build time and 
patterns of detected information from space maps using our 
our senses. How we create time is the instruments and our brains. 
key to understanding the way we use 
time to create maps of change and build scientific models of the universe. We are now 
capable of examining our use of ‘time’ as a dimension. The brains’ builds maps of 
changing patterns in order to extrapolate how these patterns might evolve. These maps of 
reality are formalized into physical ‘laws’ using mathematical structures such as 
space-time. *Time' is the result of our brain's need to detect patterns of change for our 
own survival. Time is but also for understanding the beauty of all life and inanimate 
things as they change and evolve through a process of creating new forms and structures. 
Time mapping processes in our brains are traceable back to the DNA that builds our 
bodies and runs the biological clocks of life. 

Let us look at Time as a form of information Hitchcock 2002, Hitchcock 2001, 
Hitchcock 2000, Hitchcock 1999) that represents measures of change. J. B. Priestley said 
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*No change, then, no Time" (Priestley 1964) This means that 'change' is a necessary 
condition for the creation and computation of time as well as the use of time as a 
‘dimension’. 'Change' in the shape, contents, energies, and other physical and chemical 
properties of substances (matter) forming systems spread throughout the universe is 
observed as signals originating in, or modified by, the reconfigurations of these islands 
of matter. We exist as active evolving complex systems of matter on the sea of the 
vacuum. The distribution of is used to construct а map of the vacuum that we call 'space'. 
‘Forces’ such as the strong, electromagnetic, weak, and gravitational interactions drive 
the reconfigurations. The real 'problem of time' is about how we compute 'time' and build 
time and space maps using our instruments and our brains. 

The recent work of Rao, Mayer, and Harrington (Rao 2001) has isolated the physical 
components of the T-computer in the Brain; "Early cortical activation associated with 
encoding of time intervals was observed in the right inferior parietal cortex and bilateral 
premotor cortex, implicating these systems in attention and temporary maintenance of 
intervals. Late activation in the right dorsolateral prefrontal cortex emerged during 
comparison of time intervals." 

Exactly how information is processed into 'time' by these components at the quantum 
level is still an open question. The components they have identified are at this point still 
'black boxes' that take an input and generate an output. The deeper cellular and 
sub-cellular computational and information processing activities are as yet to be 
identified. The identification and functional properties of these components is still 
important since they act as computational systems that are identified in the T-computer 
model. The relationship of these brain areas to the parts of a T-computer will be 
discussed later in this paper. We will also look at the role of the T-computer and 
consciousness. First we want to describe the T-computer model and outline how time 
labels events, calculates time intervals, differences, and 'lifetimes'. Once 'times' are 
identified with events we have the basis for creating time as a dimension used in maps 
like space-time and how 'arrows of time' are created and identified with the evolutionary 
processes of the things that make up our universe. 


T-COMPUTERS AND TIME CREATION 

T-computers (Hitchcock 2002, Hitchcock 2001, Hitchcock 2000, Hitchcock 1999) are 
essential to our maps of reality. They are used to create ordered sets of time labeled 
observed events or time calibrated internal thought processes whose 'linear' or non-linear 
causal time ordering may be the location of the infostates representing the events in 
memory and their contents. An infostate of a system is the set of configuration 
observables for that system along with the information content usually expressed as the 
wavefunction for the system. Information originates in quantum system and is processed 
as quantum or classical states of the neural networks of our brains. This is one of the 
places where the ‘neural’ merges with the ‘quanta’ of ‘change’. 
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Time is a form of information computed by a T-computer (see Fig. 1). Signals 
created during a configuration change in a system, can carry information to the detectors 
of the observer. The detectors convert the signal into another signal that can be sent to the 
T-computer and other information processing networks. The signals deposit information 


T-computers used to create | Sch ode or logic gate of the 


network by the creation of a 


ordered sets of time labeled reconfiguration infostate there. The 
observed events or time gate can then act on the infostate to 
calibrated internal thought produce anew one to send along the 


network or store it as a memory of 


processes whose 'linear' or the event information brought to 
non-linear causal time ordering the observer by the original signal. 
may be the location of the The T-computer time labels the 
infostates representing the infostate in the first stage, then 


А ` stored then in a working memory. 

events In memory and their Тре working memory can be 

contents. addressed by the  T-computers 

second stage, which can retrieve or 

copy infostates from memory for two events and compare (subtract) their time labels in 

order to calculate elapsed 'time' between the events. The stored infostates can be the 

‘start’ and ‘stop’ signals for a single event or the time labels for two different events. In 

either case it is the ‘time difference’ that is the output of the T-computer. This is the time 

we normally associate with the coordinates of a conventional event located by one 
dimension of time and three of space in space-time diagrams. 

Let's examine how time-independent information flow (sequential ‘changes’ of states 
of network components) through a T-computer starting with signal detection from 
‘observed’ events processed in parallel with coincident ‘clock’ signals moves is an serial 
path to the T-computers ‘time’ computer ending with a ‘time’ output. This ‘time’ number 
can now be processed into the *time' of space-time. 


STANDARD SIGNALS FROM ‘CLOCKS’ 


In order to create time we begin by pairing a signal representing a reference event acting 
as a standard and a signal from the observed event representing the information we want 
to ‘time label’. Since the general idea of a clock is something that already *measures' 
time, for the purposes of this paper we will define a clock as any system that produces 
signals that can be used to compute time by a process of signal mapping of the clock 
signal to another signal that is to be ‘time labeled’ by a T-computer. In this way we can 
think of a clock as a system that ‘changes’ in such a way as to produce signals without 
any explicit or implicit measurement of ‘time’. 


Next we address the nature of a clock as a standard signal producing system that 
emits calibration signals in a repeating, regular, and precise way. The atomic clock is a 
system in which the repeating of signals is driven by classical electronics operating on a 
quantum system. Energy is provided in order to reset the quantum system after it has 
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decayed in a time-independent ‘lifetime’ as a function of the systems composition and 
stability. This controls the system in a repeatable way. 


----------------------------------, 


T-COMPUTER 


i | 

с | | 
le | бізде І | | L) 

| | 


п+2 


SOURCE OF 
"OBSERVED" 
SIGNALS 


STANDARD SIGNAL 
OR 'PULSE', 
GENERATOR: 
i.e. 'CLOCK" P 


| OBSERVABLE 


PULSE TRAIN SIGNAL 


Stage Il for 'time difference’ computations. 


T-COMPUTER 
Stage II 


'Attention' focused on the k-th and j-th time labeled 
events in Memory shifts Infostates into the T-computer 


Figure 1. The T-computer. 
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The ‘dimensions’ of the units of ‘time’ we give to the ‘lifetime’ of a state come from 
Planck's constant, h, which acts a dimensional conversion factor transforming the 
time-independent changes and information in the quantum systems reconfiguration 
process on the right hand of the equation below to the ‘time’ on the left. 


т=һ/Г We will define a clock as any 


On the right we have the ‘decay system that produces signals that 
rate’ Г (Veltman 1995). It curiously can be used to compute time by a 
does not have ‘units’ of time but process of signal mapping of the 
rather energy. Energy changes clock signal to another signal that 
involved in the decay process are is to be ‘time labeled’ by a 


controlled by the fundamental forces 
between the particles that make up T-computer 

the quantum system an their geometric instability. This causes the system to decay in a 
finite lifetime as compared with another system that decays in a ‘standard’ lifetime such 
as the atoms in an atomic clock. The dimension of ‘time’ on the left comes from Planck’s 
constant which encodes the relationship between two quantum systems that provides the 
information used to define time as a ‘relational’ concept relative to at least two changing 
systems. This is discussed in more detail in (Hitchcock 2001, Hitchcock 2000, Hitchcock 
1999). 

While one may say that the units of energy when reduced to fundamental observables 
has 'time' in it, one can measure the energies involved in the reconfiguration changes as 
numbers such as positions of line spectra on a detector array without considering time. If 
one had no concept of time one could still measure the energies of different wavelengths 
of light! 

In figure 1 the standard signal generator on the upper left could be an ‘atomic clock’ 
or other ‘clock’ device that creates signals in a regular way that when paired with 
observed signals can be used to define time as 'time label differences'. 


SIGNALS FROM *OBSERVED' SYSTEMS 


АП unstable systems in the universe produce information when they undergo a ‘change’ 
to a more stable configuration. At the quantum level we see this in the emission of light 
when electrons jump to lower energy configurations. The light emitted by these atoms are 
signal that carry information about the quantum structure of the electronic orbitals. 
Spectroscopy gave us the information to build the quantum model of these systems by 
providing information that was carried identically with the photons. Signals can be the 
result of reconfiguration in many body systems acting collectively. The changes in the 
collective excitations of these systems can result in photons, phonons, excitons, and many 
other *quantum' signals. They can also give rise to mesoscopic and macroscopic signals 
such as electromagnetic ‘waves’ and sound waves in the limit of many quantum signals 
acting collectively as a ‘classical’ object. 

The signals may also be chemical transmitters such as those involved in biological 
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detection and information processing systems. Complex causal networks can be 
composed of hierarchical plateaus of complexity or POCs from atoms to molecules to 
macromolecules to organelles and cell nuclei to cell membranes, to cells and groups of 
cells acting collectively as organs and organs acting collectively to form organisms. At 
each level, ‘changes’ in configurations can produce information and signals represented 
by, [In ), that can be time labeled by a standard clock by paring it with a countable clock 
pulse, [P, ) in figure 1. This is the information detected by our senses and their extensions 
in the form of instruments. 


T-COMPUTER STAGE I COMPUTATIONS 


This is where ‘time labeling’ of detected information begins. Modeling this process is 
now possible due to the development of quantum information processing methodology 
(Nielsen 2000) that allows us to identify physical information flow in causal networks 
using quantum computation. 


The incoming signal from the standard clock and the target signal (i.e. the observed 
signal from the source) are detected and converted into a configuration of the detectors 
called an infostate containing the information deposited in the detectors that represents 
some or all of the observables involved in the creations of their respective signals and 
sources. Infostates can be acted on by the subsequent logic of the nodes or gates in the 
causal network forming the time computer in much the same way that CCD camera 
images of objects can be 'time labeled' and uploaded into a computer for image 
processing. 


The two signals can be thought of a quantum or classical words whose individual 
entries are quantum or classical bits as in quantum or conventional computers. If each 
word representing the clock and observed signals and their information content is put 
together to form a composite quantum or classical word, then this concatenation process 


is identified with the ‘direct tensor product’, ©, as opposed to summation +. This is 


because the new state formed by the two infostates is the collective excitation state of a 
‘composite’ many-body quantum system not the linear superposition of states identified 
with the wavefunction for a single isolated system such as that of a hydrogen atom. The 
composite infostate is one with both infostates concatenated together into a larger 
infostate by the T-computer Stage I detectors and associated processing logic. The new 
infostate 15: 


[Рһ, Lj) ш [Pn ) 9 [In ) 


At this point P, is the n^ pulse number as counted by the T-computer in the detection 
sampling *window' closest to the n" observed signal infostate detection ‘event’ where the 
information content of this signal is In. The observed information now has a ‘pre-time 
label’, Pn, whose conversion into conventional event times used in space-time maps will 
be done in the T-computer Stage II. 

In the case of the brain, the detectors may be essentially separate from the 
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T-computer Stages I. The detectors, such as eyes, send the information extracted by a 
signal conversion event (sometimes erroneously referred to as the collapse of the photon 
wavefunction when in fact the photon is converted to a retinal infostate by the processing 
of it into a collective excitation emitted as a nerve impulse) via the optic pathway to the 
T-computer Stage I in the brain. 


WORKING MEMORY 


This is the physical system, accessible, that stores the 'pre-time labeled' infostates 
generated in the T-computer Stage I. It is accessible by the attention mechanism that 
selects given infostates for further information processing by the T-computer Stage II 
leading to the time difference computations needed for the construction of ‘time’ as a 
dimension with direction. 


T-COMPUTER STAGE II COMPUTATIONS 


The attention of the observer identifies and grabs the infostates for two events from the 
working memory in order to find a time difference between their pre-time labels. It loads 
them into a ‘comparator’ to compute the difference between the pre-time labels for the 


two infostates in order to compute At = 'conventional time'. A pre-calculation can also 


occur in which the two events are first compared to some defined t = 0 or to reference 
event infostate allowing the assignment of a conventional time label to each event in 
working memory whose meaning is the elapsed time with respect to a standard event. The 
time difference between the two events is the difference between the newly assigned final 
time labels. The time difference can also be computed directly without the tọ reference 
event! 

Either way the pre-time labeled events can be computed into conventional time 
labeled events with a ‘time’ number associated with each. These time numbers are what 
we usually call the event time but they have to be computed first by a signal mapping and 
labeling process in the T-computer before they can surface in consciousness as the time 
something happened. 

Once conventional time labels have been attached to an infostate representing an 
observation, then they can be stored in a ‘Long Term’ or ‘Permanent’ memory as an 
ordered set of time labeled events. This set can be mapped onto the real number line for 
the creation of a ‘timeline’ or time axis in the case of space-time. 


T-COMPUTERS IN THE BRAIN 


T-computers detect signals and process them as infostates propagating sequentially (in 
space not necessarily 'in time’) through the physical logic gates forming a causal network. 
The prime function of the T-computer is to pair the information representing an observed 
event with a 'time label'. 
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Based on the evidence for 'temporal processing' in the brain (Rao 2001), there are 
biological T-computer components that function 
in the same way as the idealized T-computer The brain receives 
model described above. The brain receives information from the 
information from the senses. In order to identify 
its causal relationship to other events it needs to senses. In order to 
time label this information and store it in a identify its causal 


working memory. relationship to other 
Recent fMRI evidence (Rao 2001) implicates — events it needs to time 


the right inferior parietal cortex and 20и label this information and 
premotor cortex in the mechanism of 'attention 


as well as the initial organization and storage of store it in a working 
time labeled infostates in а ‘working memory’ memory 

acting as the Т-сотршег Stage I in the brain. The 

T-computer Stage II is seen in temporal processing activities in the right dorsolateral 
prefrontal cortex where the comparison of the two time intervals takes place. The time 
labeled infostates created in Stage I, including placement of time labeled infostates in 
memory, are accessed and compared in Stage II in order to determine which of two 
sequential intervals was 'longer' and therefore determining a ‘time output’ in the form of a 
"тевропве” by the subjects. 


This may be the site in the brain where the common conception of the 'time' (as a 
'time difference") for an event or between events originates and in some sense where time 
first emerges in consciousness as an abstract measure perceived 'change'. From here the 
brain can construct maps using the time associated with onset of events, lifetimes of 
events, or time intervals between events as a dimension or axis like that used in 
space-time. The details of this process are still under investigation and outside the scope 
of this paper. 'Time' differences and the information defining the order of infostates 
representing the observed events can be used to create temporal pointers or 'arrows of 
ате" between 'earlier' and 'later' infostates. This is one of the possible 'outputs' of the 
T-computer working with consciousness to create time. 


WHAT 'TIME' IS IT? 


To answer this question one must engage the T-computer and other information 
processing and signal generating devices such as the vocal cords needed to 'say' the time. 
The computation of the difference between the time labels for any two infostates results 
in another 'bit' of information that we call the 'time' elapsed between the two observed 
events. From this perspective, 'time' does not exist a priori, but is in fact a computed 
measure of change. The construction of a 'direction' and 'dimension' for 'arrows of time' 
follows from the ordered sets of numbers or label states added to observed 'infostates' 
originating in unstable systems. Time is what we compute it to be using our T-computers 
and the time part of our space-time maps. The time we give is always referenced to some 
standard system whose periodic changes produce reference information by which we can 
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say what the time is. 

Recognition that 'time' is created by complex systems capable of 'computing' it, may 
clear up 'time' related paradoxes and issues related to causality, information theory, and 
the 'experience' of time inside complex states of 'consciousness'. 


SUMMARY 


In this brief paper I have attempted to outline a new way of thinking about time. I would 
like to summarize by stating the following three conclusions. 


1. ‘Change’ creates signals that carry information to other systems in space. 
Detection of signals provides information that a T-computer can compute into 
time labeled infostates representing observed phenomena or events. 

3. Our brain's T-computer computes 'time' and 'time differences' for events. The 
computed times for events can be used to build maps of change such as 
‘space-time’. 


In the brain the T-computer 'time labeling’ components are found in the right inferior 
parietal cortex and bilateral premotor cortex. The T-computer the computes a 'time 


differences’, At, and therefore the 'time', “С (for At = t-tọ, where і-0) tagged to an event. 


This time can be interpreted as elapsed time between events or the lifetime of a 
reconfiguration process. The ordered set of these time numbers can be used to construct a 
timeline. The ‘order’ for these sets follows from the order of integer or real numbers 
following from the generator function defined by the Peano axioms of mathematics. 
Timelines are the basis for the time axis used in space-time. The dimension of time is the 
dimension of the time label, if we use a real or integer number then dimension=1. The 
direction of time is the direction of the increasing time labels. 

Time is a construction of the brains signal mapping, time labeling, event storage and 
retrieval in memories and the T-computers ability to calculate the 'time' differences which 
become the 'time' (with an implicit or defined initial time of t = 0 for instance) 
component of space-time maps. The brain also constructs the dimensions and directions 
associated with the space components of space-time. 

We project the laws of physics onto our maps as a result of our computing the 
relationships of causal and effect for events on our maps. Using the patterns we encode as 
the laws of physics, we can estimate how things change and guess how emerging 
configurations of matter evolve. 

Many questions remain about how our brains create time from the molecular scale 
upward to ‘consciousness’ but the pioneering work of Stephen M. Rao, Andrew Mayer, 
and Deborah L. Harrington has opened the door to understanding the connection between 
the changes in an evolving universe and the time we create with our brains to measure it. 
The ideas I have presented here indicate that a correct conception of ‘time’ requires that 
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we understand ‘time as information’ and that time is as real as information is’. 
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Timing is crucial to many aspects of human performance. To better understand its neural 
underpinnings, we used event-related fMRI to examine the time course of activation associated with 
different components of a time perception task. We distinguished systems associated with encoding 
time intervals from those related to comparing intervals and implementing a response. Activation in 
the basal ganglia occurred early, and was uniquely associated with encoding time intervals, whereas 
cerebellar activation unfolded late, suggesting an involvement in processes other than explicit 
timing. Early cortical activation associated with encoding of time intervals was observed in the right 
inferior parietal cortex and bilateral premotor cortex, implicating these systems in attention and 
temporary maintenance of intervals. Late activation in the right dorsolateral prefrontal cortex 
emerged during comparison of time intervals. Our results illustrate a dynamic network of cortical- 
subcortical activation associated with different components of temporal information processing. 


Humans are remarkably proficient at perceiving the passage of 
timeand producing precisely timed behaviors, many of which 
depend upon explicit prospective temporal judgments. For these 
events, multiple processes seem to determine our subjective per- 
ception of current time for intervals lasting several hundreds of 
milliseconds to several seconds. M ost theories of prospective tim- 
ing embody similar components!, including an internal time 
keeper, attention and memory23, A clock metaphor is used to 
describe the timekeeper mechanism, which represents subjective 
timethrough the accumulation or readout of pulses, possibly gen- 
erated by oscillators. Our perception of time, however, is inti- 
mately related to the level of attention given to the passage of time. 
When attention is diverted, a systematic shortening of subjective 
duration occurs, implying that pulses from the timekeeper may 
belost*. Attention may also mediate the flexible starting and stop- 
ping of pulses from the timekeeper, which enables anticipation of 
predictable events’. Hence, a representation of subjective time 
emerges from the interplay between timekeeping and attention 
mechanisms. This representation is then passed on to working 
memory, a short-term repository where interval representations 
are maintained and manipulated in accord with current goals (for 
example, comparing two intervals of time)$. Working memory 
functions сап therefore alter stored representations of time as well. 
The combination of these different component processes gives 
rise to the subjective perception of time, although the relative con- 
tribution of each might differ depending on the interval duration 
or the cognitive demands of timing events’. 

Theneural systems that support different component process- 
es of time perception are a matter of debate. The basal ganglia 
and lateral cerebellum have been logical candidates for hypo- 
thetical timekeeping operations, as damage to these brain regions 
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commonly disrupts behaviors that depend upon precise timing, 
such as rhythmic movements in Parkinson's disease? and regu- 
lation of agonist- antagonist muscle activity (for example, dys- 
metria) in cerebellar damage?. Although these movement 
abnormalities could be attributed to disruption of more gener- 
alized motor execution functions, the basal ganglia and cerebel- 
lum do seem to mediate time perception. Studies of Parkinson's 
disease patients!" and pharmacological investigations in ani- 
та151213 have argued that timekeeping operations are regulated 
through dopamine neurotransmission in the striatum. Human 
lesion studies indicate that the lateral cerebellar hemisphere and 
its primary output, the dentate nucleus!* 18 are also involved іп 
timekeeping mechanisms. Nonetheless, it has been difficult to 
isolate timekeeping and attention operations from working- 
memory and response implementation processes! Timing 
deficits after basal ganglia or cerebellar damage could also be due 
to abnormalities in interconnecting cortical systems commonly 
associated with some ог all of these processes!9?0, Fewer studies 
have examined the involvement of the cerebral cortex in time 
perception. Focal lesion investigations in animals and humans 
have shown that the frontal and parietal lobes are also essential 
for accurate time perception, perhaps due to their purported 
attention and working memory functions!^2122, Others have 
posited a role for the supplementary motor агеа23, but this has 
been difficult to assess because focal lesions are uncommon in 
thisregion. 

Functional imaging techniques can be used to dissect the con- 
tribution of each component of multiple neural systems, 
although studies of timing using these methods have produced 
conflicting or ambiguous results to date’. M ost research2*?7 has 
focused on motor timing, making it difficult to separate activa- 
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Fig. 1. Trial events in the time perception (a), pitch perception (b), and 
control (c) conditions. In the time perception condition, subjects indi- 
cated whether the comparison interval (defined by tones 3 and 4) was 
longer or shorter than the standard interval (defined by tones 1 and 2). 
In the pitch perception condition, subjects indicated whether the com- 
parison tone (tone 4) was higher or lower in pitch than the standard 
tones (tones 1, 2 and 3). In the control condition, subjects pressed а 
key after the presentation of the four tones. 


tion in systems traditionally associated with motor control, such 
as the basal ganglia and cerebellum, from those supporting time- 
keeping or other cognitive processes. Two PET ѕийіеѕ28.29 have 
specifically examined time perception. Unfortunately, the time 
scale of PET scanning is limited to blocked-trial designs that can- 
not disentangle processing associated with encoding an interval 
from processing associated with decision making and imple- 
menting a response. We reasoned that fundamental insights into 
this issue could be gained by studying the time course of brain 
activation patterns associated with different components of a 
time perception task. The present study exploited the finer tem- 
poral resolution of event-related functional magnetic resonance 
imaging (fM RI) to isolate patterns of brain activation that cor- 
related with encoding time intervals from those associated with 
comparing two time intervals and implementing a response. Tim- 
ing theory suggests that activation in systems integrally involved 
in encoding or formulating arepresentation of time (pacemaker 
and attention operations) should develop at the onset of a to-be- 
timed event?3, followed by activation in systems concerned with 
manipulating information in working memory (comparing inter- 
vals) and implementing a response. 

We obtained fM RI scans of seventeen subjects as they per- 
formed three different tasks, the order of which was counterbal- 
anced across subjects. In thetime (T) discrimination condition, 
two tones (50 ms) separated by 1200 ms (standard tone-pair) were 
presented, followed by a 1-s delay and then a comparison tone 
pair (Fig. 1a). Subjects indicated whether the comparison tone 
pair was longer or shorter than the standard. To better separate 
neural systems specific to timing, subjects also performed a pitch 
(P) discrimination condition in which the auditory events were 
similar except that subjects indicated whether thefourth tone was 
higher or lower in pitch than the first three tones (Fig. 1b). N eur- 
al systems involved with processing time and pitch information 
were identified by contrasting imaging runs in each discrimina- 
tion condition with a sensorimotor control (C) condition in which 
subjects responded after the presentation of two isochronoustone 
pairs of identical pitch (Fig. 1c). TheT and P conditions were then 
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contrasted to specify systems uniqueto time discriminations. 
These subtractions were conducted at each of four scanning inter- 
vals after trial onset (2.5, 5.0, 7.5 and 10.05). In all conditions, the 
typical motor response occurred approximately 4.5 s after trial 
onset (Fig. 2). Allowing 5 sfor the hemodynamic response to peak, 
we proposed that the 2.5- and 5.0-s intervals after trial onset 
should reveal brain activation patterns specific to encoding time 
intervals. In contrast, the 10.0- s scanning interval should include 
activations associated with contrasting the standard and com- 
parison intervals and implementing the response. O verlap between 
these processes should be particularly evident during the 7.5-s 
scan, dueto encoding of the comparison interval. The results 
reported here show early sustained activation of the basal ganglia 
and right inferior parietal cortex, implicating these systems in for- 
mulating representations of time. Though activation in the cere- 
bellum was morerobust during timethan pitch discriminations, 
activation was located in the vermis and unfolded late, suggest- 
ing a more general involvement in cognitive or sensorimotor func- 
tions. The evolution of activation in the bilateral premotor and 
right DLPF cortex differed from each other, consistent with pre- 
vious work implicating these systems in different aspects of work- 
ing memory. 
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Fig. 2. Temporal relationship among the trial events, acquisition of 
images and hypothetical hemodynamic response functions to different 
task components. Seven scans were acquired during each 17.5-s trial 
(а 2.5-s inter val between the seventh image and the first image of the 
next trial is not illustrated on the timeline). The first scan was 
acquired at the onset ofthe first tone (T1). The fourth tone (T4) was 
presented an average of 3.4 s after trial onset. The typical key press 
response occurred 4.5 s after trial onset. The two hypothetical time 
course functions illustrate early versus late MR signal responses to dif- 
ferent trial events. An early response corresponding with the encod- 
ing of temporal information (red plot) would have a maximal signal 
change at 2.5 and 5.0 s after trial onset. In contrast, a late response 
due to decision making and response preparation processes (blue 
plot) would be observed primarily at 7.5 and 10.0 s after trial onset. 
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RESULTS 
Behavioral data collected during scanning 
showed that response times and accuracy corre- 
lated with the difficulty of time and pitch dis- 
criminations. Reaction time was typically longer 
(Fig. 3a, F576 = 4.2, p< 0.01; Fig. 3c, F687 = 4.0, 
р < 0.01) and accuracy poorer (Fig. 3b, 
Еду = 8.1, р < 0.001; Fig. 3d, Fy 412 = 2.7, 
p < 0.025) when the comparison stimuli were 
closer in timeor in pitch to the standard stimu- 
lus. There were no significant differences between 
thetwo discrimination conditions in overall 
accuracy (T, 83 + 396; P, 78 + 3%) or reaction 
time (T, 1111 + 76 ms; P, 1076 + 54 ms). Reac- 
tion times for the C condition (707 = 39 ms) 
were significantly faster (F4 16 = 48.9, p < 0.0001) 
than thosefor thetime and pitch conditions. 
Duringthe early imaging epochs (2.5 and 
5.0 s), which emphasize encoding of temporal 
information, subcortical activations specific to 
theT condition (Table 1) were observed within 
theright putamen, head of the caudate nucleus 
bilaterally, and right centromedian and ven- 
troanterior thalamic nuclei (Fig. 4a). Early acti- 
vation specific to the T condition was also 
observed in various cortical regions (Fig. 5): 
right intraparietal sulcus (BA 40), bilateral dor- 
sal and left ventral premotor areas (BA 6), and 
bilateral lateral temporal 
cortex (BA 21/22). Activa- 
tion specific to theT condi- 
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Fig. 3. Mean (+ standard error of mean) reaction time and percent correct for the time per- 
ception (a b) and the pitch perception (c, d) conditions. D аға are depicted as a function of the 


comparison interval or comparison pitch. 


Table 1. Stereotaxic brain atlas coordinates”? for Time > Control subtraction. 


tion was sustained during ^ Location (Brodmann Area) Hemisphere 2.5 5.0 75 10.0 
the 7.5- and/or 10.0-s imag- Basal Gandli 
ing epochs in most of these  Ва5а Ganglia 
regions. In theP condition, Medial caudate (head) à i ү : E ыды "T 

r f activation durin табет mands жыды 
ilie eer re ч 2. т caudate (body) : 255 _ р js 
overlapped with those in the utamen ©- 22 
T condition. In both the 26, 6, -2 
T and P conditions (Table2), L -20, -1,5 
activity unfolded early with- Cerebellum 
in the medial wall (ргебМ А Vermis (tuber, lobule VIIB) B -3, -70, -30 2, -10, -29 
and SMA proper, ВА 6, апа Thalamus 
anterior cingulate, BA 32; Centromedian nucleus R 4, -21,0 4,-21,0 
Fig. 4c) and the anterior Ventroanterior nucleus R 4, -11,0 5,-10,0 
insula/frontal operculum Frontal 
(Fig. 4a), but was sustained Dorsal premotor (6) R 23, -7,48 23,-3,52 46, 1, 49 
during later epochs as well. L -45,-7,47 

Duringthelater imaging Ventral premotor (6) R 46,8,24 

epochs (7.5 and 10.0 s), L — -54-1326 -51,-15,27 
which included decision and Dorsolateral (46/10/9) R 34, 23, 25 31, 46, 22 
response selection compo- 11,29,22 
nents of the tasks, acti vation parietal 
specific to the T condition Int iesu 
(Table 1) was observed in dic i odere. 
the posterior vermis (tuber) Angular gyrus (40) R 38, -40, 41 36, -43, 40 37, -47, 38 30, -56, 35 
of lobule VIIB of the cere- Superior parietal lobule, 
bellum (Fig. 4b) and the Precuneus (7) R 10, -68, 44 
right dorsolateral prefrontal Temporal 
(DLPF) cortex (BA 46/10/9; Superior temporal (22) 51, -39, 6 
Fig. 5). All other activation Middle temporal (21) L -46, -56, 4 


foci were observed in the left 
hemisphere in both the 


R, right; L, left; B, bilateral. The activations reported in this table were not obser ved іп the Pitch > Control subtraction. 
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T and P conditions (Table 2), and included the inferior frontal 
gyrus (Brocas area, BA 44/45), intraparietal sulcus (BA 40), supe 
rior parietal lobule/precuneus (BA 7) and DLPF cortex. 
Theresults from the T minus P subtraction were similar to 
the results for the T minus C subtraction (Fig. 6). During the 
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Fig. 4. Activation foci іп the basal ganglia (a), cerebellum (b), and pre- 
supplementary motor area/anterior cingulate (c) resulting from subtrac- 
tion of the control (C) condition from the time (T) and the pitch (P) 
perception conditions at 2.5, 5.0, 7.5 and 10.0 s after trial onset. 
Significant foci (p « 0.001) are displayed with a red-yellow intensity scale 
denoting greater activation for the T or P conditions. Slices are displayed 
in neurological view (left is on the viewer's left). Location of slices defined 
by the distance (mm) from anterior commissure: x, right (+)/left (-); y, 
anterior (+)/posterior (-); 7, superior (+)/inferior (-). Caud, caudate 
nucleus; C ing, anterior cingulate area; Ins, insula; O per, frontal opercu- 
lum; Put, putamen; T hal, thalamus; SMA, supplementary motor area. 


earlier imaging epochs (2.5 and 5.0 s), subcortical activations 
uniqueto theT condition werein theright hemisphere and 
included the putamen (x, у, 2 = 24, 7, -2), caudate (15, 6, 13) and 
insula/frontal operculum (29, 16, 2). Thelater region, however, 
was also activated during the 7.5-s epoch in the pitch condition 
(Table 2, Fig. 4a). During the later imaging epochs 
(7.5 s), theright DLPF cortex (21, 21, 30) was also uniqueto the 
T condition (Fig. 6). 


DiscussioN 

The present findings provide compelling evidence for the involve- 
ment of the basal ganglia in formulating representations of time. 
Activation in theright putamen and caudate were uniquely asso- 
ciated with encoding time intervals. These results corroborate 
studies in Parkinson's disease showing that dopaminergic treat- 
ment improves motor timing393! and time регсеріоп32, Phar- 
macological challenges in animals also suggest that dopaminergic 
antagonists and agonists respectively slow down and speed up 
timing operations!213, Contrary to one proposal?3, these and 
other studies!0:1127 show that the basal ganglia are involved in 
timing a wide range of intervals, from hundreds of milliseconds 
(300 ms) to tens of seconds (20 s). Collectively, these results 
implicate striatal dopaminergic neurotransmission in hypothet- 
ical internal timekeeping mechanisms. 


Table 2. Stereotaxic brain atlas coordinates”? for regions commonly activated in subtractions of Time and Pitch 


perception conditions relative to Control condition. 


Time » Control Pitch » Control 
Location (Brodmann Area) Hemisphere 2.5 5.0 10.0 2.5 5.0 7.5 10.0 
Frontal 
Insula/operculum (47) R 31,17,3 35, 16, 3 34,17,4 34,17,0 
ІІ -35,11,5 -34,15,2 -36,12,4 -34,18,1 -36,17,0 
PreSMA (6), 
Anterior cingulate (32) |. -4, -1,56 -4,6,49 -7, 10, 45 -5, 12, 43 -6,7,48 -4,8, 49 
Inferior frontal gyrus (44/45) R 37,1,32 37,4,28 
L -46,4,21 -47,5,18 -45,4, 22 -44, 7, 26 
Dorsolateral (46/10/9) L -39, 42, 12 -36, 46, 13 -36, 40,8 
-42, 26, 28 -40, 14, 29 
Parietal 
Intraparietal sulcus, 
Angular gyrus (40) Ь -31,-49,37  -29,-52,33 
-36, -53, 44 -32, -47, 38-30, -55, 36 
Superior parietal lobule, 
Precuneus (7) L -21,-66,49 -28,-49,43 -13,-72,50 -43,-57,50 
-21, -63,51 -25, -65, 50 


К, right; L, left; B, bilateral 
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Fig. 5. Activation foci in the lateral surface of the left and right hemi- 
spheres denote greater activation for the time (T) and the pitch (P) 
perception conditions relative to the control (C) condition at 2.5, 5.0, 
7.5 and 10.0 s after trial onset. Significant foci (р < 0.001) are displayed 
in red. DLPF, dorsal lateral prefrontal cortex; D. Premotor, dorsal pre- 
motor; IFG, inferior frontal gyrus; Ins, insula; IPS, inferior parietal sul- 
cus; MTG, middle temporal gyrus; Oper, frontal operculum; STG, 
superior temporal gyrus; V. Premotor, ventral premotor. 


Our findings did not support a unique rolefor the cerebdlum in 
encoding time intervals. Nonetheless, cerebellar activation was 
observed during thetime perception task (T minus C), consistent 
with several studies showing diminished time perception in patients 
with cerebellar damagel9.1834 Н owever, in our study, activation 
was in the vermis rather than the lateral cerebellar hemispheres, 
contrary to reports that damage to the lateral cerebellum, but not 
the vermis, correlated with time perception deficits!518, Cerebd- 
lar activation evolved later in the courseof thetrial, just before and 
during movement execution, suggesting an involvement in process- 
es other than explicit timing. This is consistent with our previous 
fM RI study?" showing that cerebellar activation was not specific to 
timing self-paced finger movements. Apart from its well-docu- 
mented rolein sensorimotor processing, neuroimaging research 
indicates that the cerebellum participates in many cognitive func- 
tions, including tactile perception?» and working memory?6. One 
lesion study has also shown that cerebellar damage produces pitch 
perception deficits!4, Its broad role in sensorimotor and cognitive 
processing?’ has suggested that the cerebellum monitors and adjusts 
input from the cerebral cortex, but is not involved in computing a 
specific operation per se*8, By this account, later activation in vermal 
lobule VIIB, which receives auditory and visual input??, could be 
dueto its involvement in optimizing sensory input from auditory 
systems, which facilitates the comparison of intervals in working 
memory. Although other explanations are possible, this account is 
appealing because it predicts that damage to the cerebellum will 
slow sensory acquisition, which should disrupt a broad range of 
behaviors, especially those involvingtiming. This view may explain 
why patients with cerebellar damage show deficits in timing! 7, 
but not always in the perception of pitch or loudness!®18, 

Representations of time depend on the interplay of internal 
timekeepers with attention and working memory, functions 
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more commonly identified with cortical systems. Neural sys- 
tems associated with these functions should support a variety of 
computations, which may explain why they werenot always unique 
to timing intervals (T minus P). However, in the comparisons 
involving the control condition (T minus C, P minus C), right 
hemisphere activations were observed during time but not pitch 
perception. These later results are consistent with findings from 
converging neuroscience approaches. Specifically, a neu- 
roanatomical bridge for basal ganglia-cortical interactions is 
the thalamus”, which was activated early during the encoding 
of intervals, along with two cortical regions, suggesting they 
work together in formulating representations of time. Coupled 
activation in the right inferior parietal cortex may suggest an 
interdependent role of this region in attention, which theoret- 
ically regulates the timekeeping mechanism. Neurological 
patients with right but not left inferior parietal damage show 
time, but not pitch, perception deficits that correlate with 
impairments in switching attention?!, Electrophysio- 
logical recordings in humans have also shown aright 
hemisphere bias for temporal processing^l, especial- 
ly in the parietal cortex*2. The close relationship 
between timekeeping and attention is presumed by 
one influential theory?, and has received empirical 
support in behavioral studies conducted on 
humans*. According to this view, representations of 
time arereflected in the pulse count accumulated over 


Fig. 6. Activation foci in the basal ganglia, insula/frontal oper- 
culum and dorsal lateral prefrontal cortex resulting from 
greater activation for the time (T) relative to the pitch (P) 
perception conditions at 2.5, 5.0, 7.5 and 10.0 s after trial 
onset. Significant foci (p « 0.001) are displayed with a red-yel- 
low intensity scale. Slices are displayed in neurological view 
(left is on the viewer's left). Location of slices defined by the 
distance (mm) from anterior commissure. Caud, caudate 
nucleus; DLPF, dorsal lateral prefrontal cortex; Ins, insula; 
O per, frontal operculum; Put, putamen. 
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a particular physical time, which critically depends on the 
degree of attentional engagement. Our results point to the right 
inferior parietal cortex in regulating the accumulation of puls- 
es, because of its well-documented involvement in attention“. 
Bilateral projections from the inferior parietal cortex to the 
putamen and caudate nucleus in monkeys” provide a neu- 
roanatomic basis for the interaction of attention and time- 
keeping operations. 

The perception of time also relies on stored representations of 
intervals in working memory?. During time perception, activa- 
tion was observed in regions commonly associated with tempo- 
rary storagefunctions, including the bilateral premotor (BA 6) 
and right DLPF cortex (BA 9, 10, 46)192945, Right DLPF acti- 
vation was also uniqueto performing time discriminations. This 
corroborates our previous finding that damage to these same 
regions in the right, but not left, hemisphere produces time per- 
ception deficits?!. Controversy exists over whether these areas 
support different working memory Ғипсіоп545-47, However, a 
recent meta-analysis of neuroimaging studies% implicated the 
premotor cortex in a ‘rehearsal circuit’ in tasks involving main- 
ly the temporary maintenance of information, such as item 
recognition. In contrast, the DLPF cortex was associated with 
an ‘executive circuit’ in tasks requiring manipulation of stored 
information, such as the two- and three- back working-memory 
tasks. Our findings are compatible with this process distinction, 
as premotor cortex activation began early, consistent with the 
need for maintaining the standard interval during the trial, 
whereas DLPF cortex activation unfolded later in association 
with comparing the two intervals and selecting a response Inde 
pendent evidence for the DLPF cortex in executive functions of 
working memory was observed in the pitch condition as well, 
in which activation unfolded later during the comparison phase, 
but was confined to the left hemisphere. Though premotor cor- 
tex was not activated in the pitch condition, repeated presenta- 
tion of the standard pitch across the trial may have minimized 
the need for rehearsal. 

In summary, the present results are compatible with prevail- 
ing cognitive theory, and provide new insights into the evolu- 
tion of activation in cortical and subcortical systems that are 
specific to different cognitive components of a time perception 
task. The reciprocal interactions among these specialized sys- 
tems give riseto our perception of current time. The results are 
in agreement with converging avenues of research implicating 
a perceptual system in which the basal ganglia act as a timekeeper 
that is tightly coupled with an attention system in the right infe 
rior parietal cortex. This right hemisphere bias for the encod- 
ing of temporal information is in agreement with converging 
focal lesion and electrophysiological research in humans. The 
distinct evolution of activation in the bilateral premotor and 
right DLPF systems, together with previous neuroimaging stud- 
ies, provides evidencefor different working memory functions 
underlying time perception. Our results also showed that time 
and pitch discriminations are mediated by shared parietal and 
prefrontal systems mostly in the left hemisphere, which were 
activated during decision and response selection components 
of both tasks. Presently, we are investigating the dynamics of 
brain activation patterns during longer delay periodsto more 
directly distinguish systems involved in encoding and short-term 
maintenance of time intervals. 


METHODS 


Subjects. Right-handed subjects (2 male/15 female; mean age, 23.9 years) 
gave written informed consent and were compensated for participation. 
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The experimental protocol was approved by the institutional review board 
of the M edical College of Wisconsin. 


Experimental design. Tone stimuli were presented binaurally using a 
computer playback system. Sounds were amplified near the scanner and 
delivered to the subject via air conduction through 180-cm paired plas- 
tic tubes, which were threaded through tightly occlusive ear inserts that 
attenuated background scanner noise to approximately 75 dB sound pres- 
sure level (SPL). Background scanner noise consisted of pulses occur- 
ring every 205 ms throughout the imaging run; theintensity of the tone 
stimuli averaged 100 dB SPL. For all three conditions, the standard tones 
were 700 Hz in pitch separated by a 1200 ms interval 
(Fig. 1). In theT condition, the eight comparison intervals were +60-ms 
increments of the standard interval, and were presented twice іп а ran- 
domized order (16 trials); pitch did not vary across the four tones. In 
the P condition, the eight comparison tone pitches were +4 Hz incre 
ments of the standard 700 H z tones and were presented twicein a ran- 
domized order (16 trials); duration did not vary during this condition. 
In the С task, 16 trials of identical standard tones were presented. Тһе 
C task was a baseline condition used for removing the effects of low- 
level sensory and motor processing from the functional maps in the two 
discrimination conditions. Subjects pressed one of two keys with thei 
right index or middle finger to indicate longer/higher or shorter/lower 
in the discrimination conditions; subjects pressed a key using their index 
in the control task. Accuracy and reaction time were measured with a 
nonferrous key- press pad. Subjects briefly practiced the three condi- 
tions before scanning. 


= 


Image acquisition. Event-related fM RI was done оп а 1.5T GE Signa 
(Waukesha, Wisconsin) scanner equipped with a three-axis local gradi- 
ent head coil and an elliptical endcapped quadrature radiofrequency coil. 
Foam padding limited head motion within the coil. Echo-planar images 
were collected using a single-shot, blipped gradient-echo echo- planar 
pulse sequence (TE, 40 ms; TR, 2.5 s; 90? flip angle FOV, 240 mm; reso- 
lution, 64 x 64 matrix). Seventeen contiguous sagittal 7-mm-thick slices 
were acquired to provide coverage of the entire brain. Scanning was syn- 
chronized with the onset of the first tone so that 7 images were acquired 
during each 17.5-strial (Fig. 2) with atotal of 112 imagesper run (16 tri- 
als per run). An additional 4 images (10.0 s) were added to the beginning 
of therun to allow theM R signal to reach equilibrium, and were discarded 
from further analysis; 4 images were added to the end of the run to accom- 
modate the delayed rise of the hemodynamic response. Beforefunction- 
al imaging, high-resolution three-dimensional spoiled gradient-recalled at 
steady-state anatomic images were collected (TE, 5 ms; TR, 24 ms; 40° 
flip angle NEX, 1; slicethickness, 1.2 mm; FOV, 24 cm; resolution, 256 
x 128) for anatomic localization and co-registration. 


fMRI data analysis. Functional images were generated using Analysis of 
Functional N eurol mages“8 software. Time series images were spatially reg- 
istered in three-dimensional space to minimize effects of head motion. A 
deconvolution analysis was used to generate impulse response functions 
(IRFs) of thefM RI signal on a voxel-wise basis. This analysis produced an 
estimate of the hemodynamic response for each condition (T, P and C) rel- 
ativeto a baseline state (rest) without making a priori assumptions regard- 
ing the shape, dday or magnitude of the IRF. Anatomical and functional 
images werethen interpolated to volumes with 1 mm? voxels, co-registered, 
converted to Talairach stereotaxic coordinate space’, and blurred using a 
4mm Gaussian full-width half-maximum filter. Voxel- wise analyses of vari- 
ance (T versus C, P versus C, and T versus P conditions) were done sepa- 
rately for images obtained at 2.5, 5.0, 7.5 and 10.0 s after trial onset. 
Pooled-variancet-tests were applied on a voxel-wise basis to the RF esti- 
mates for each epoch to identify regions showing greater activation in the T 
end P discrimination conditions relativeto the C condition and greater acti- 
vation in theT than the P condition. An activated region was defined by 
an individual voxel probability less than 0.001 (t > 3.61; df, 16), and amin- 
imum cluster size threshold of 300 microliters:?, These two thresholds were 
established based on 10,000 M onteCarlo simulations demonstrating that the 
chance probability of obtaining a significant activation cluster for an entire 
volume (typel error) was less than 10-6, 
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WHY Feynman's Positron Time Reversal Proposal in 1949 is WRONG AND THE TIME REVERSAL & 
TRAVEL MYTHS are FINALLY CLEARED UP by SCOTT MATHESON HITCHCOCKS THEORY OF TIME 


